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PREEATC Bl

IN preparing this little treatise the author has
had several objects in view. First, he has sought
to write a text-book which should be available for
use with elementary classes, and in which the diffi-
culties of chemical science should be encountered
progressively, rather than at the beginning. Sec-
ondly, he has considered the needs of those stu-
dents who, while anxious to learn, are unable to
secure the aid of a teacher, and who, therefore, are
obliged to study by themselves. For the latter, es-
pecially, are the foot-note references to other works
on chemistry ; and only such works have been cited
as are to be found on the shelves of nearly every
well-equipped public library. He has also borne
steadily in mind the fact that in most schools there
are two classes of students: those who study chem-
istry merely as part of a general education, without
thought of going further; and those who are likely
in time to take a more advanced course of chemi-
cal training. For the former class the book is suffi-
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. PREFACE.

ciently full, particularly with regard to the every-
day applications of chemistry ; for the second class
it is intended to serve as a legitimate scientific basis
for subsequent higher study.

The value of a school text-book, other things
be‘ing equal, depends much upon the use made of it
by the teacher. In his hands it may become an
instrument for developing thought, or merely a
device for drilling the memory. This is especially
true of text-books upon -chemistry. To use them
properly it must always be remembered that chem-
istry is essentially a disciplinary study—as much
so as language or mathematics; and the constant
effort of the teacher should be to train the pupil
in the accurate observation of phenomena, and
the ability to draw correct conclusions from what
he sees. Good discipline in scientific methods of
thought must always be kept in view; and this
discipline can be best attained by simultaneous drill
in the facts of science as observed in the lecture-
room or laboratory, and in the philosophy of sci-
ence which is reared upon them. In this book
the effort has been made to present, as a rule,
experimental evidence first and theoretical discus-
sions afterward ; and a glance at the chapters upon
atomic weights, formule, and valency, will fairly
illustrate the manner in which this purpose has
been carried out.

Nearly all the experiments cited in this volume
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are of the simplest character. The greater num-
ber of them can be easily performed by the pupil
himself, with no more complicated apparatus than
can be improvised from such common materials as
are everywhere at hand. The chemicals, with few
exceptions, are inexpensive, and within the reach of
every school; and, although a good laboratory is
desirable, it is not necessary to the attainment of
really substantial results. Every experiment should
be studied, not as an amusement, but for what it
signifies ; and, if there are not means for perform.-
ing it just as it is described, other means may be
readily devised. The student who constructs his
own apparatus understands its meaning much bet-
ter than if he had bought a far more elegant outfit
of some dealer.

The questions and exercises at the end of the
book are not meant to be exhaustive. They are
merely hints to aid both teacher and pupil in their
work. The problems, in particular, are only tenta-
tive; some classes will need many more than are
given, and the teacher must devise such as will be
best suited to circumstances.

The author’s acknowledgments are due to Miss
Caroline A. Lord, of Cincinnati, for efficient serv-
ice in the preparation of a considerable number of
the illustrations.

WASHINGTON, April, 1884.
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PART 1I.

INORGANIC CHEMISTRY.

CHAPTER L
INTRODUCTION.

WHEN we closely observe, the occurrences of
Nature, we soon see that two great classes of
changes are constantly taking place. First, there
are the changes which do not affect the essential
character of things: like the motion of a body from
one spot to another, and the variations between heat
and cold, sound and silence, light and darkness, and
so on. Secondly, there are the changes which sub-
stances undergo in their innermost structure: like
the transformation of wood into charcoal, of the con-
stituents of soil and air into the stems and leaves
of plants, and a multitude of other similar altera-
tions of different degrees of complexity. Changes
of the first class are called physical changes, while
the others are known as chemical; and it is with
the latter that the science of chemistry has to do.

For example, a piece of iron may be converted
into a magnet and afterward deprived of its mag-
netic power, thus acquiring and losing a certain
new property without ceasing to be metallic iron.
These changes, which do not affect the nature of
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the metal as a metal, are physical; and so also are
those involved in raising a piece of the iron to a red
heat, or in rendering it fluid by melting. DBut if the
iron be placed in a shallow pool of water, so as to
be partly covered and partly exposed to the air, it
will be slowly transformed into a brownish-red sub-
stance called rust, and here the alteration is chem-
ical. The iron has ceased to exist as iron, and has
become changed into something quite different.
Again, water may be frozen into ice, or converted
by heat into steam; thus showing its capacity to
exist in several different conditions, without ceasing
to be the same substance. These changes, there-
fore, are physical. . But, by chemical means, the
water may be decomposed into two gases—oxygen
and hydrogen—each of which differs widely in its
properties from water, and neither of which with-
out the other can reproduce water. This trans-
formation of water into something else is a chemical
transformation.

The following experiments will serve to illus-
trate chemical changes:

EXPERIMENT 1.—Rub together in a mortar a
small quantity of copper-filings with half their
weight of sulphur. No matter how thoroughly you
mix them, you can still, with a magnifying-glass,
discern the separate particles of the two substances.
Now insert the mixture in a glass tube sealed at the
lower end, and heat gently over a flame. Presently
the sulphur will melt, and shortly afterward the
entire mass will become incandescent. Upon cool-
ing, it will be found that both copper and sulphur
have disappeared, and in their place is a grayish
substance, in which the most powerful microscope
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can detect no particle of either of the original
bodies. The copper and sulphur have united to
form a new substance, known as copper sulphide;

F1c. 1.—Union by Heat.

and thus the experiment serves to illustrate ckemical
combination. It also teaches the difference between
chemical combination and mere mechanical mixture.
Instead of copper, iron may be used in this experi-
‘ment, and then iron sulphide will be formed. Be-
fore heating, the metal may be separated from the
sulphur by means of a magnet; but after union has
taken place the iron can not be thus withdrawn.
EXPERIMENT 2.—Place in a dry test-tube a lit-
tle red mercuric oxide, and heat cautiously over a
flame. Soon globules of metallic mercury or quick-
silver will be seen in the bottom of the tube, or con-
densed upon 1ts cooler sides. In the tube there will
also be a‘quantity of oxygen gas, which may be
recognized by the fact that a kindled match will
burn more brilliantly in it than in the outer air.
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The original red substance has been divided into
two substances, a gas and a metal; so that here we
have an instance of ckemical decomposition.®

EXPERIMENT 3.—Rub together in a mortar a lit-
tle potassium iodide and a little mercuric chloride.
Presently, in place of the two white substances, a
scarlet powder will appear. This chemical change
is more complicated than either of the foregoing
cases, and is an instance of double decomposition.
Here two compounds exchange their constituents,
each decomposing the other, new compounds at the
same time being formed. This phase of action will
be considered more fully in another chapter.

In several ways these experiments are instructive.
They show, for example, how wonderfully a chem-
ical change affects the physical properties of things,
the properties of a compound being often widely
different from those of the substances which have
united to produce it. Under proper conditions,
black, tasteless, odorless charcoal may be made to
unite with yellow, tasteless, odorless sulphur; the
product of the union of these two solids being a
volatile, colorless, transparent liquid, with a nau-
seous odor and burning taste. A more complete
transformation can hardly be imagined.t

It will be observed that in two of the foregoing

* Copper formate is even better than mercuric oxide for strikingly
illustrating decomposition. When heated in a tube the brilliant blue
crystals evolve gas copiously, and pure metallic copper remains behind.
The substance may be prepared by dissolving copper oxide in warm
formic acid, and aMowing the solution to crystallize. Unfortunately,
the materials are not readily available in all school laboratories.

1 At this point the teacher will do well to show the class, side by
side, a fragment of charcoal, a bit of sulphur, and a bottle of carbon
disulphide.
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experiments heat is applied: in one case as a de-
composing agent, in the other as a means of caus-
ing union. Another experiment will bear advanta-
geously upon these.

EXPERIMENT 4.—Pulverize, in a perfectly clean
mortar, a little potassium chlorate. Transfer it to a
sheet of paper, and mix carefully with it, without
rubbing, an equal quantity of powdered sugar. Place
the mixture where no harm can be done, and drop
upon it, from a glass rod, a single drop of strong
sulphuric acid. The mass will immediately catch
fire, burning with almost explosive violence, and
with a peculiar rose-colored flame. Here, then, we
have a chemical change which produces a great
amount of heat.

We now see that /eat plays a very important
part in chemical changes; and, as we go on, we
shall find that other agencies, such as light, elec-
tricity, etc., are also often involved. In order,
then, that a chemical change may be completely
understood, three things have to be studied, as
follows:

First, the properties of the substances entering
into the change. Secondly, the physical phenomena
occurring during the change. TZ/irdly, the prop-
erties of the substances which result from the
change.

In such investigations one principle, which un-
derlies all science, must be steadily kept in view.
In no case is anything, cither matter or jforce, ever
created or destroyed. By matter is meant any-
thing which occupies space and possesses weight :
like iron, wood, water, or air. By force is under-
stood any agency capable of producing motion, or
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of altering the direction of a moving body ; * and such
things as heat, light, electricity, mechanical power,
etc., are called forces. When two bodies act upon
each other chemically, they do so under the influence
of a peculiar force, known variously as chemical
affinity, chemical attraction, or, more briefly, chem-
ism. When two substances unite, it is this force
which brings them together; when they are separat-
ed, this force has to be overcome. In consequence,
every chemical change involves some transformation
of force, but none is ever created or destroyed. So
also with the matter changed: however complicated
its alteration may be, no particle is ever lost, no new
particle ever appears. When a candle is burned, a
_series of chemical changes takes place. Heat is de-
veloped by chemical action, and a certain amount of
matter seems to disappear. But, if all the products
of combustion, solid or gaseous, be collected and accu-
rately weighed, it will be found that nothing has real-
ly vanished. The matter of the candle and of the air
in which it burned have acted upon each other chem-
ically, and new substances have been formed; but
neither destruction nor creation of matter was possi-
ble. Itis with the transformations of matter, its comzbi-
nations and decompositions, that the chemist has to deal.

In the light of the foregoing pages we may now
frame an intelligible definition, as follows: Clhemistry
is the science whick investigates the composition of sub-
stances, together with the combinations and decomposi-
tions resulting from their action upon one another under
the influence of chemical jforcet

* For more exhaustive definitions, the works on mechanics and
physics may be consulted.
t The essential features of this definition may be expressed in a
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At the beginning of any study the question of
utility is apt to arise. With chemistry the answer
to this question is twofold : First, its value as an
educational instrument, as a means of mental dis-
cipline, is very great. Secondly, its material advan-
tages are enormous. The discoveries of chemists
are now applied to practical use in agriculture, in
medicine, and in every great manufacturing indus-
try. By the help of chemistry many substances
which were formerly wasted are now rendered use-
ful. For example, from coal-tar the most brilliant
dyes are made. Our dwellings are now lighted
with chemically refined oil and candles, or by chem-
ically made gas; and these are kindled with matches
which chemistry has given us in place of the old
flint and steel. Our clothing is bleached or dyed
by chemical means; metals are extracted from their
ores by chemical processes; soap, glass, porcelain,
paints, varnishes, etc., have all become better and
cheaper than before the chemist studied them. Bar-
ren soil is now rendered fruitful by chemical fer-
tilizers; wood is preserved from decay by chemical
applications; diseases are checked by chemical dis-
infectants; and a multitude of chemical preparations
aid the physician in alleviating pain. :
variety of other ways. The pupil will find it a useful exercise to ar-

range other definitions, so as to see the subject from several different
points of view.



CHAPTER II.
THE CONSTITUTION OF MATTER.

IN order to determine the composition of any
substance, the chemist may resort to two distinct
methods, analysis and synthesis. By analysis, a body
is separated into its component parts, which are then
identified. By synthesis these parts may be artifi-
cially combined, so as to produce the substance
under investigation. For example, the composition
of water may be ascertained by dividing it into its
two constituents, oxygen and hydrogen; or it may
be determined by causing these gases to unite, and
proving that by their union water is actually formed.
Each method re-enforces the other, and strengthens
the final conclusion.

In Nature the chemist recognizes an almost limit-
less number of different substances, the composition
of which he tries to discover by either or both of
the above methods. Besides, he has to deal with
vast numbers of artificial bodies; of which so many
are theoretically possible that infinity would barely
suffice to express them. In the analysis of all these
substances, however, he finds the same component
parts continually repeated in various modes of un-
ion; and he finally arrives at bodies so simple that
they can not be analyzed further. These simple
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substances, of which at present some seventy are
known, he terms elements. All other substances,
which are formed by the chemical union of elements
with each other, and which are consequently sepa-
rable into elements by analysis, he calls compounds.
Thus, the oxygen and hydrogen previously referred
to are elements, for by no means within the chem-
ist’s control can they be decomposed into simpler
bodies; while the water formed by their union is
a compound, and is said to be composed of these
elements. The following table contains a list of all
the elements now known. The use of the “sym-
bols” and the meaning of the “atomic weights”
will be explained further on. New elements are
occasionally discovered, usually as constituents of
very rare minerals.

Table I.—Elements, Symbols, and Atomic Weights.

NAME, Symbol.| Ao NAME. Symbol.| tomie
Aluminum. .... Al 27s HEbiumy, . .. ... Er. 166.
Antimony...... Sb. 120. || FLUORINE....| F. 9.

YARSENIC ...... As. 75. Gallium .......| Ga. 69.
“Barium........ Ba. 137. || Glucinum...... Gl 9.
Bismuth ....... Bi. 208. || Gold.......... Au. | 196.5
BORON... .... B. 11. || HYDROGEN...| H. 1.
‘BROMINE...... Br. 8o. || Indium....... In. 113.6
Cadmium ...... Cd. | 1r2. [|IODINE....... I. 127.
Cassiutniy. ... Cs. 133. Iridium....... Ir. 193.
Caleilimysinrsz. Ca. |/ g0. Trong s - St Fe. 56.
“CARBON: &5 . C. 12 Lanthanum....| La. 138.
CERIUM ....... Ce. 141. Tead. TR Pb. 207.
“CHLORINE..... Els aelspl Lithium:) doesa: | Loi 7.
Chromium. .... Cr. 52. || Magnesium....| Mg. 24.
Cobalt= > e (Clay, 59. || Manganese....| Mn. 55.
Columbium ....| Cb. 94. || Mercury.......| Hg. | 200,
@oppeni < . .., . Cu. 63.3 || Molybdenum ..| Mo. g6.
Decipium ...... Dp. ? Nickel S5 Sk Ni. 58.
Didymium . .... Di. 142.3 [[\NITROGEN....I N. | 14.
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NAME. Symbol.| Atomic NAME. Symbol.| Atemie
smium ....... Os. | 199.? [|'SULPHUR..... S. 32.
OXYGEN....... 0. 16 Tantalum . .... Ta. 162.
Palladium ... ... bd. 106, || TELLURIUM...| Te. | 126.?
‘PHOSPHORUS...| P. 31. || Terbium...... Tb. ?
Platinum....... Pt. 195. Thallium...... TIL 204.
Potassium . .... K. 39. Thorium...... Th. | 232.
Rhodium .. .... Rh. | 104. Thulium ...... Tm. ?
Rubidium,. .... Rb. 85.5 || Tin........... Sn. 118.
Ruthenium..... Ru. | 104. Titanium...... Ti. 48.
Samarium ......| Sm. | 150. [ Tungsten ..... W, | 184.
Scandium...... Sc. 44 Uranium ...... U. 239.
SELENIUM..... Se? 79. || Vanadium.....| V. 51.5
STEICONPES T Si. 28. || Yttrium....... Yt. 89.
Silver .......... Ag. | 108. || Ytterbium..... Yb. | 173.
Sodium........ Na. %o ARG Loogpopnnc Znt 65.
Strontium .. .... Sr. 87.5 || Zirconium. .... Zr. go.

Of these elements by far the greater number are
metallic; like gold, iron, zinc, etc. A smaller num-
ber, given in the table in small capitals, are called
non-metallic; and of these carbon, oxygen, and sul-
phur are good examples. In the subsequent chap-
ters the latter class of elements will be studied first.
Between the metals and the non-metals, however,
no sharp distinctions can be drawn; arsenic, for
example, may be fairly put in either class; the
division, therefore, is mainly one of convenience,
and is not fundamentally important.

In order that we may be ‘able to account for
many of the properties of matter, we must study
its physical constitution still more closely. Take,
for example, a piece of iron: when it is heated, it
expands, and occupies more space than before;
when cooled, it contracts and becomes smaller; al-
though in both cases the weight remains the same.
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Weight, therefore, may be regarded a constant
property of matter, while volume or bulk is vari-
able. This variability in volume is most easily ac-
counted for upon the supposition that matter, as we
ordinarily recognize it, is made up of minute, sepa-
rate particles, which may be driven farther apart or
crowded closer together by various means. These
particles the physicist terms molecules, and they are
considered to be by all mechanical means indivisi-
ble. Every kind of matter is built up of its own
characteristic kind of molecules; these are exactly
alike, although different from the molecules of every
other substance, and they are separated by larger or
smaller spaces. They are furthermore supposed to
be in more or less rapid motion; and upon this sup-
position the mathematical theories of heat and elec-
tricity are very largely based. Of course, molecules
are exceedingly small—so small that we may never
be able to see or handle them experimentally. There
are, however, abundant reasons for asserting their
existence ; and it is even possible to calculate from
physical data something approximate concerning
their size. Evidence can be drawn from several
sources showing that about five hundred millions of
hydrogen-molecules, placed in a row, would only
form a line an inch long; or, in other words, there
are about two hundred millions to the linear centi-
metre. ¥

But, although molecules are mechanically indi-
visible, by chemical means we can divide them into
smaller particles still. For example, a drop of water

* For fuller details, consult Tait’s “ Recent Advances in Physical
Science,” chapters xii and xiii; also Cooke’s ‘“ New Chemistry,” pp.
27-36. 3
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may be divided and subdivided until the molecules
of water are reached; and each of these will still
possess all the properties of water. But water is a
compound of two elements, oxygen and hydrogen ;
and therefore every one of its molecules may be
decomposed into these two substances. The smaller
portions of oxygen and hydrogen thus recognized
are called aforns. The molecule of any chemical
compound, then, is a cluster of atoms; and it is only
between atoms that the force of chemical attraction
comes into play. In future chapters some of the
properties of atoms will be considered. For pres-
ent purposes the following definitions will be found
useful :

A mass of matter is any portion of matter
which can be recognized by the senses. Every
mass is an aggregation of molecules. Masses at-
tract each other by the force of gravitation. The
science of mechanics deals with masses and their
motions.

A molecule is the smallest particle of any sub-
stance which can exist in the free state, and in
which the characteristic properties of the sub-
stance are retained. It is also the smallest por-
tion of matter which can take part in any phy-
sical change. The science of molecular physics
(including heat, light, and electricity) deals large-
ly with molecules and their motions. Nearly all
molecules are clusters of atoms; but, for a very
few substances, the molecule and the atom are the
same. T

An atom is the smallest quantity of any substance
which can enter into chemical union, or take part
in any chemical change. Chemistry may be defined
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as the science which treats of atoms and their at-
tractions for each other.*

* This definition may be considered as a supplement to the one
given in the preceding chapter. The subject of atoms and molecules
may be read up to advantage in Cooke’s “ New Chemistry,” Wurtz's
“ Atomic Theory,” Cooke’s *Chemical Philosophy,” or Remsen’s
‘““ Theoretical Chemistry.”



CHAPTER IIL
HYDROGEN.

IN the preceding chapters reference has been
made to the fact that water is composed of hydro-
gen and oxygen. We may now study hydrogen,
oxygen, and water separately and in detail.

Hydrogen, although it had been obtained and
partly examined by several earlier investigators,
was first accurately studied by Cavendish in 1766.
In 1781 he made the additional discovery that water
is the only product of its combustion; and, on ac-
count of this fact, Lavoisier gave it its present name,
which signifies “ water-producer.” It may be easily
obtained from water as follows:

EXPERIMENT 5.—WTrap a bit of sodium as large
as a pea in some wire-gauze, and hold it by a handle
of stout wire under the mouth of an inverted test-
tube filled with water in a pneumatic trough. In-
stead of the latter piece of apparatus, a common,
deep earthenware dish full of water may be used.
The test-tube should be filled with water completely ;
then, by closing its mouth with the thumb, it may
be inverted and placed easily in position. The so-
dium will at once be attacked by the water, bubbles
of gas will be evolved and rise into the tube, and soon
the latter will be full. Again close the mouth of
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the tube with the thumb, and bring it mouth upper-
most. Now, upon removing the thumb, and in-
stantly applying a match, the gas in the tube will

F16. 2.—Preparation of Hydrogen with Sodium.

ignite, and burn with a pale, bluish flame. The gas
is Zydrogen. Since the bit of sodium may produce
a slight explosion, it is prudent in this experiment
to wear stout gloves.

In the foregoing experiment the sodium with-
draws oxygen from the water, setting hydrogen
free.  When steam is passed through a gun-barrel
or piece of gas-pipe filled with iron-filings and heated
to redness, a similar change takes place; the oxygen
of the steam being retained by the iron, so that only
hydrogen escapes at the farther end of the appa-
ratus. But, for preparing hydrogen in quantity, the
subjoined method is the most convenient :

EXPERIMENT 6.—Place a quantity of granulated
zinc (prepared by pouring melted zinc from a height
of three or four feet into cold water) in a gas deliv-
eryflask (Fig. 3), and cover it with dilute hydro-
chloric acid. Iron-ilings may be used instead of
zinc, and sulphuric acid in place of hydrochloric.*

* Some druggists and dealers in chemicals still retain for this acid

the nearly obsolete name of muriatic acid.
2



6 INORGANIC CHEMISTRY.

In either case hydrogen will be copiously evolved;
and it may be collected over water in a number of
small, wide-mouthed bottles. ' The first portions of
gas should be allowed to escape, since they will be

F16. 3.—Preparation of Hydrogen.

contaminated with the air which originally filled
the apparatus. By applying a flame to the mouth
of one of the little bottles, the inflammability of hy-
drogen may again be recognized.

Hydrogen, when perfectly pure, is a colorless,
tasteless, odorless gas. As ordinarily prepared, how-
ever, it is apt to be disagreeably scented by impuri-
ties derived from the materials used in its manufac-
ture. It is found in Nature, in the free state, among
the gases exhaled by certain volcanoes; and it is
also contained in many meteoric irons. Not only
iron, but several other metals also, notably palla-
dium, have the property of absorbing (or occluding)
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considerable quantities of hydrogen. Since metals
containing occluded hydrogen exhibit in some de-
gree the properties of alloys, it has been suggested
that hydrogen ought to be classed as a metal also;
and some chemical reasons, which will be cited
further on, tend to support this view. Hydrogen
exists in enormous quantities in the atmosphere of
the sun, and in most of the other self-luminous
heavenly bodies, its presence there being revealed
to us by the spectroscope. It is an important con-
stituent of coal-gas; and in the combined state we
find it not only in whter, but in nearly all animal
and vegetable substances, in petroleum, and in a
great many artificial products.

We have already seen that hydrogen is inflam-
mable, and that its flame is but feebly luminous. It
is, however, exceedingly hot, as the following ex-
periment will show :

5

Fic. 4.—Combustion of Hydrogen.

EXPERIMENT 7.—Generate hydrogen as in Ex-
periment 6; only, instead of collecting it over water,
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allow it to issue into the air through a long glass
tube drawn out to a fine jet at the end. Allow the
gas to escape for some time, until all the air origi-
nally contained in the flask has been expelled; then
light the jet of gas and observe the character of the
flame. Now insert in the flame a little fine coil of
platinum wire. It will at once become brilliantly
white-hot. If the gas is kindled while air remains in
the flask, a violent explosion will ensue. By holding
a cold test-tube inverted over the hydrogen-flame,
the formation of drops of water as a product of com-
bustion may be observed.

Hydrogen is incapable of supporting respira-
tion; hence, small animals immersed in it soon die.
The pure gas may, however, be inhaled to a limited
extent without danger. When the lungs are filled
with it, even the gruffest voice becomes curiously
shrill and hollow.

Hydrogen is the lightest of all known substances.
Hence its use in the filling of balloons, although for
this purpose coal-gas is now more generally em-
ployed.

EXPERIMENT 8.—Collect the hydrogen from a
generating-flask in a large bladder, and, when the
latter is full, tie it tightly around the neck with
string. An inexpensive toy-balloon is thus made.

ExXPERIMENT 9.—Fill a small india-rubber gas-
bag with hydrogen, and attach a clay tobacco-pipe
to its nozzle by a bit of rubber tube. The pipe
may now be used for blowing soap-bubbles, which
are filled with hydrogen by a gentle pressure on
the bag. The bubbles rise at once to the ceil-
ing, on account of their remarkable lightness.
By touching each bubble with a candle-flame, the
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inflammability of hydrogen may be further illus-
trated.

EXPERIMENT 10.— Hydrogen may be poured
from one bottle into another, but it must be poured
upward. One of the small
bottles filled in Experiment
6 will do for this experi-
ment. When the gas has
been transferred, it may be
recognized in the second
bottle by its inflammability.
(See Fig. 5.)

The weight of one litre
(or cubic decimetre) of hy-
drogen, measured at the
temperature of 0° centi-
grade, and under a baro-
metric pressure of 760 mil-
limetres, is only 0.0896 gramme.* This weight is
called a ¢rith, and is an important unit of weight
in all gas calculations. In the subjoined table it is
compared with the weight of equal bulks of air,
water, and platinum—the latter being the heaviest
substance known.

F16. 5.—Pouring Hydro-
gen up.

One cubic decimetre of hydrogen weighs 0.08g6 gramme.

< & air “« 1‘2932 13
. o water “  1000.0000 grammes.
“ « platinum ¢ 21500.0000 ¢

Hence, air is 14.43 times, water a little over 11,000
times, and platinum about 240,000 times heavier than
hydrogen. Y

In many chemical calculations the volume occu-

* Tables of metric weights and measures, and of the different ther-
mometric scales, may be found in the Appendix,
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pied by a given quantity of gas is a very important
factor. Since the volume of a gas depends upon
conditions of temperature and pressure, we must
take these agencies into account, and, for conven-
ience, we must first establish some definite standards
of comparison. The normal, or standard, tempera-
ture is assumed to be 0° centigrade, or 32° Fahren-
heit. The normal atmospheric pressure is indicated
by the barometer when the mercurial column is.
exactly 760 millimetres high. Volumes of gases,
then, are always to be compared at o° centigrade,
and under 760 millimetres pressure ; and, whenever
they have been measured under other conditions, it
is customary to reduce them to these standards.

The law governing the expansion of gases by
heat is very simple. For present purposes it may
be stated thus: AX gases cxpand cqually for cqual rises
of temperature. Although this is only approximately
true, its variations from absolute accuracy need not
be considered in ordinary calculations. The errors
introduced are so small that they may be safely -
ignored ; just as in measuring the width of a room a
thousandth of an inch more or less counts for nothing.
For each degree centigrade, a gas, measured origi-
nally at 0°, will expand 35 of its bulk; thus:

273 volumes of air at o° become—
o

274 “ at iy
2787 M faf,
276 “« g 30’
273 44yt du 1,
272 Y “ —1°
271 & “ —2° etc.

If this rule were absolutely true, then, at 273° be-
low zero, the volume of a gas would become nothing,
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and matter would absolutely vanish. Accordingly,
273° below the centigrade zero is called the abdsoluze
zero of temperature. Of course, this value has no ex-
perimental meaning, since it can never be reached:
but it has some mathematical importance. Gases
cease to be gases, and condense to liquids or solids,
long before reaching so low a temperature.
Suppose, now, we have two volumes (two litres,
or two cubic feet, or whatever units you please) of
hydrogen at 0°, and wish to calculate what its bulk
would be if heated up to 25°. The formula is as

follows:
2733 27 3t 25005 20 X,

Conversely, if we measure two volumes at 25°, and
wish to reduce it to 0°:

25302 o izratet 3l SE

Again, let us take twelve volumes of gas at 37°, and
wish to determine its volume after cooling to 23°:

2734+ 37 273423028 X

In some cases we have to deal with volumes of
gases below 0°. Then, instead of adding, we sub-
tract the given number of degrees from the stand-
ard volume, 273. In short, we always express the
volume of a gas at 0° by 273, assume an increase or
decrease, as the case may be, for eachdegree of
difference from o0° and then, by a simple propor-
tion, the reduction to 0° may be easily made.*

The changes in the volume of a gas due to va-

* Most of the problems which arise in chemical calculations are
most clearly and logically stated in the form of simple proportions.
Every pupil should, therefore, become accustomed to this method of
computing, E
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riations in pressure are governed by a very simple
law, as follows: T7e volume of a gas is inversely pro-
portional to the pressure. This is termed the law of
Boyle and Marriotte, having been independently dis-
covered by these two investigators. If we double
the pressure under which a gas is kept, we halve its
volume; if we halve the pressure, we double the
volume, and so on. This relation is convemently
expressed by the formula P, : P::V : V,; in which
V represents the volume under the pressure P, and
V, the volume under the altered pressure P,.. For
example, suppose we have measured ten volumes of
hydrogen when the barometer stood at 771 milli-
metres, and we wish to calculate what it would be-
come at 760 millimetres:

760 : 771 :: 10 : Xx.

Here we see that, under the lower pressure, the gas
has expanded slightly. Conversely, if ten volumes
have been measured at 760 millimetres, they will
become less than ten at 771 millimetres, thus:

771 : 760 :: 10 : X,

The law governing pressures is, like that relating
to temperatures, only a very close approximation to
the truth. Its variations from accuracy can, how-
ever, only be detected by the most refined experi-
ments.*

By intense cold and great pressure all gases are
condensible to liquids, and even into the solid state.
For hydrogen, this was first experimentally accom-

* The experimental évidence for these laws may be read up in a
volume upon physics. A good theoretical discussion of them may be

found in the third chapter of Cooke’s “ Chemical Phllosophy, new
" edition.
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plished by MM. Cailletet and Pictet (working inde-
pendently of each other) at the close of the year
1877. By Pictet it was cooled to —140° centigrade
under a pressure of 650 atmospheres. (The press-
ure exerted by the air in maintaining a barometric
column of mercury at the height of 760 millimetres
is called one atmosphere.) Under these conditions
hydrogen became visible as a steel-blue liquid, a
portion of which solidified as it issued from the ap-
paratus, and fell to the ground in grains. These
emitted a shrill, metallic sound as they struck the
floor, thus emphasizing the idea that hydrogen is
really a metal. Many metals can be converted into
gases at high temperatures; mercury becomes gase-
ous at 350° centigrade, and is liquid under ordinary
circumstances. The gaseous nature of hydrogen,
therefore, has nothing to do with the question
whether it is metallic or non-metallic. The ckemi-
cal significance of these terms will appear in later
chapters.



CHAPTER IV.
OXYGEN.

OXYGEN, which was discovered by Priestley in
1774, and a little later, but independently, by Scheele,
is the most abundant of all the elements. Uncom-
bined, but mixed with nitrogen, it constitutes one
fifth of the atmosphere; combined, it forms eight
ninths of the material composing water, and about
one half the weight of all the rocks. It is also a
very important constituent of animal and vegetable
matter.

Oxygen was originally prepared by heating mer-
curic oxide (see Experiment 2), mercury being left
behind, while the oxygen was given off. This meth-
od, however, is inconvenient, and is now replaced
in ordinary practice by the following cheaper pro-
cess:

EXPERIMENT 11.—Take a stout test-tube, or,
better, a piece of glass combustion-tubing sealed at
one end, and close its mouth with a perforated cork,
through which is inserted a delivery-tube, also of
glass. Mix thoroughly upon a sheet of paper equal
weights of potassium chlorate and manganese diox-
ide, taking care that both are perfectly pure and
dry. Fill the test-tube one third full with this mix-
ture, and heat carefully over a spiritlamp or a
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Bunsen gas-burner. Oxygen will be given off co-
piously, and may be collected either in a rubber
gas-bag, or in several bottles over water in the
pneumatic trough. (Fig. 6.) When oxygen is to
be prepared in large quantities, a copper or iron
retort is used instead of a glass tube. For safety,
several precautions ought to be observed. First, it
is well to heat the manganese dioxide to redness in
an iron dish before using it, in order to burn out

F1G. 6.—Preparation of Oxygen.

any deleterious impurities. Were particles of or- .
ganic matter or charcoal to be present, a dangerous
explosion might ensue. Secondly, the upper por-
tions of the mixture in the tube should be heated
first, and later the lower portions. Thirdly, the
heat should be so regulated that the oxygen will be
given off in a steady, tranquil stream ; not in sudden
gusts, explosively.

In this experiment the potassium chlorate, which
consists of potassium, chlorine, and oxygen chemi-
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cally combined, is decomposed ; the oxygen being
set free, while potassium chloride, a compound of
potassium and chlorine, remains behind. The man-
ganese dioxide undergoes no change, but in some
way it facilitates the decomposition of the chlorate.
This kind of action, in which a body assists a chemi-
cal process without being itself altered, is often met
with, and is termed catalytic action. Some cases of
catalysis are easily explained, but this particular case
awaits an explanation. Several other processes for
preparing oxygen are somewhat in use, and one or
two of them will be hereafter referred to.

Oxygen is a colorless, tasteless, odorless gas, six-
teen times heavier than hydrogen. By cooling to
a temperature of —140° centigrade, under a press-
ure of 320 atmospheres, it has been condensed to a
colorless liquid. It unites with all the other ele-
ments, except fluorine, and its compounds with
them are called oxides. For example, with zinc it
forms zinc oxide; with copper, copper oxide, etc.
Water, in chemical nomenclature, can be called
hydrogen oxide. The names of chemical com-
pounds are intended to express, more or less per-
fectly, their composition. When oxygen unites with
other substances, the process is termed oxidation.

The most characteristic property of oxygen is its
power of sustaining combustion. In nearly all cases
combustion is merely oxidation accompanied by the
development of heat and light. When oxygen is ex-
cluded from a burning body, the fire goes out. In
the air, we have one fifth of oxygen diluted with
four fifths of nitrogen, the latter element being inert
and exerting no direct influence upon combustion
whatever. Naturally, combustion takes place much
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more vividly in pure oxygen than in diluted oxygen
(or air), as the following easy experiments will show :

EXPERIMENT 12.—Blow out a lighted candle,
leaving a glowing spark at the end of the wick.
Lower the candle into a bottle or jar of oxygen, and
the wick will relight, burning far more brightly than
before.

EXPERIMENT 13.—Charcoal burns in the air with-
out flame, with only a dull-red glow. Plunge a bit
of ignited charcoal into a jar of oxygen, and it will
burn brilliantly.

ExPERIMENT 14.—Kindle a bit of sulphur in a
deflagrating spoon, and note the insignificant flame.
Now lower it into pure oxygen, and the combus-
tion will become exceedingly vivid (Fig. 7).

EXPERIMENT 15.—
Repeat the last experi-
ment, using a much
larger jar of oxygen,
and burning phosphor-
us instead of sulphur.
The combustion will be
so dazzlingly brilliant
that the experiment has
sometimes been fanci-
fully called “the phos-
phoric sun.”

EXPERIMENT 16.—
Some substances which FiG. 7.—Combustion in Oxygen.
do not ordinarily burn
in air burn easily in pure oxygen. For example,
fasten a bit of steel watch-spring to a stout wire, and
dip the end of it in melted sulphur. Kindle the
latter and immerse the spring in oxygen. Present-
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ly the steel itself will ignite, burning brilliantly and
sending forth a shower of sparks. It will be well
to cover the bottom of the oxygen-jar with sand,
to catch any particles of melted metal which may
fall.

Oxygen is also essential to respiration. Exclude
it from the lungs, and death follows, as in cases of
drowning, when the lungs become filled with water.
Inclose a small animal in a limited volume of air,
and it lives only until the supply of oxygen con-
tained in it is exhausted. In pure oxygen it will
live much longer, but the vital processes will go
on too violently and rapidly, and death will result.*
Even the fishes need oxygen, and they secure it
through their gills from the air which is dissolved
in the water. In a shallow pool insufficiently sup-
plied with air a fish will soon die.

Oxygen is administered by physicians to a cer-
tain extent as a remedy in cases of impeded breath-
ing. A croupy or asthmatic patient, for instance,
can not get enough air for proper respiration; but
upon breathing a little pure oxygen he will experi-
ence great relief. When the lungs are filled with
oxygen instead of air, it is possible to “hold the
breath ” much longer than ordinarily—a fact which
might be used by divers. Oxygen is now made for
sale in most of our large cities. It is used chiefly in
the calcium-light (see next chapter), and is stored up
under compression in strong iron cylinders.

The fact that oxygen dissolves somewhat in wa-
ter, as hinted in a preceding paragraph, is one of
vast importance in the economy of Nature. In the

*1In the chapter upon carbon the phenomena of combustion and
respiration will be treated more fully.
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falling of the rain, the agitation of the waves, and the
flowing of streams, water is being constantly charged
with fresh supplies of air. The oxygen thus ab-
sorbed at once attacks the decaying animal and
vegetable matter which is continually flowing into
rivers, lakes, and oceans, and by a process of slow
combustion literally burns it up. Thus oxygen be-
comes a great disinfectant, transforming noxious
substances into simpler and harmless compounds,
and keeping the waters of our planet always sweet
and clean. In a similar way it oxidizes injurious
vapors in the air, and is effective in the removal of
all kinds of corruption from the face of the earth.
All decay involves the phenomenon of oxidation.

Many elements, and possibly all of them, are ca-
pable of existing in more than one modification.
For example, carbon exists as charcoal, as graphite
or “black-lead,” and as diamond ; and similar prop-
erties are strikingly displayed by phosphorus and
sulphur. This phenomenon is called allotropy, and
charcoal, graphite, and diamond are termed al/otropzc
modifications of carbon.

When an electrical machine is rapidly worked
or when a series of electrical sparks are passed
through air, a peculiar odor, something like that
of burning sulphur, soon becomes noticeable. This
odor is due to the formation of an allotropic modi-
fication of oxygen, to which the name of ozone has
been given.

EXPERIMENT 17. —Suspend a freshly-scraped
stick of phosphorus in a jar containing a little wa-
ter, so that it shall be partly immersed. It will
slowly oxidize ; and soon the air in the jar will ac-
quire the peculiar odor of ozone.
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Ozone has properties quite unlike those of ordi-
nary oxygen. It not only has a characteristic suffo-
cating odor, but it exhibits a remarkable chemical
activity, attacking and tarnishing metals like silver
and mercury, which common oxygen does not affect
at all. It bleaches many vegetable colors, like indi-
go, deodorizes putrefying animal matter, and cor-
rodes such substances as cork, India-rubber, ctc. A
common test for it is paper soaked in a solution of
potassium iodide and starch. Moist slips of such
paper, exposed to the action of ozone, turn blue;
because the ozone liberates iodine from the potas-
sium iodide, and iodine forms a blue compound with
starch.

In ordinary experiments only a very small por-
tion of any mass of oxygen can be transformed into
ozone. The transformation is, however, attended
by a shrinkage in the volume of the oxygen, so that
ozone is really oxygen in a more concentrated state.
Three volumes of oxygen would yield, if wholly
converted into ozone, only two volumes of the lat-
ter; whence it is easy to see that, bulk for bulk,
ozone is half as heavy again as oxygen. The full
significance of this fact will appear in a later chap-
ter. Quite recently, ozone has been liquefied by
the application of cold and pressure. Liquid ozone
has a deep indigo-blue color, and is less volatile than
liquefied oxygen.

Ozone is continually being produced in nature,
both by the electric discharges which take place
during thunder-storms, and by the many phenomena
of slow oxidation which may be observed in the
vegetable kingdom. It undoubtedly plays an im-
portant part in the world as a natural disinfectant,
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but upon this point much remains to be discovered.
At one time a third variety of oxygen, named anto-
zone, was supposed to exist; but the evidence in
favor of it is now generally considered unsatisfac-
tory.



CHAPTER V.
WATER.

ALTHOUGH oxygen and hydrogen gases may
be mixed together in any proportions, they unite
chemically to form only two real compounds, both
of which at ordinary temperatures are liquids. One
contains exactly twice as much oxygen as the other,
and on this account the names hydrogen monoxide
and hydrogen dioxide are respectively applied to
them. In chemical nomenclature numeral prefixes
have to be frequently employed.

When oxygen and hydrogen combine directly,
that is, without the intervention of other substances,
only hydrogen monoxide or water is produced.
The dioxide is prepared by indirect, roundabout
processes.

The formation of water from oxygen and hydro-
gen may be brought about either by the passage of
an electric spark through the mixed gases, or by
the agency of heat. Whenever hydrogen or any
compound of hydrogen is burned, water is pro-
duced ; as was partly demonstrated in Experiment
7. All ordinary illuminating materials, such as coal-
gas, oils, candles, etc., contain hydrogen; and if a
piece of cold porcelain be held for a moment over
their flames, the deposition of dew will show that
water is actually formed.
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Under ordinary circumstances the combustion
of hydrogen takes place quietly ; but if it be burned
in pure oxygen some extraordinary phenomena may
be observed.

ExXPERIMENT 18.——Fill an India-rubber gas-bag
with a mixture of two parts by volume of hydrogen
and one part of oxygen. Then, as in Experiment g,
attach a clay pipe to the bag and use the gaseous mix-
ture for blowing soap-bubbles. Each bubble, when
touched with a lighted candle, will explode with a
violent report. If a heap of bubbles be blown in a
common tin basin and ignited, the explosion will be
deafening. Before applying a flame to any of the
bubbles the stop-cock of the bag should be closed
and the bag itself removed. Serious accidents
have happened from the ignition of large mixtures
of oxygen and hydrogen. Even coal-gas and com-
mon air will give a powerfully explosive mixture,
fully as dangerous as gunpowder. This is shown
by the terrible explosions which sometimes occur
when a light is carclessly carried into a room in
which gas has been escaping.

This experiment shows us that the formation of
water from its elements is attended by a remark-
able development of force or energy. This force
may be best measured in the form of heat: and it is
found that more heat is produced in this chemical
change than in any other chemical change what-
ever. The usual unit of heat is the quantity of heat
needed to raise the temperature of one gramme of
water from o° to 1° C.; and in the combustion of
one gramme of hydrogen 34,462 such units of heat
are set free. A gramme of charcoal, burning, yields
only 8,080 heat-units—a figure in striking contrast
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with the foregoing. When hydrogen burns in ordi-
nary air, just as much heat is developed as if the
combustion took place in pure oxygen; but the
temperature of the flame is lower—partly because
the heat is generated more slowly, and partly be-
cause much of it is expended in warming the ni-
trogen with which the oxygen of the atmosphere
is diluted. By using pure oxygen instead of air, an
enormously high temperature may be attained and
utilized.

Although mixtures of oxygen and hydrogen ex-
plode violently when ignited, the two gases may be
made to burn together quietly by mingling them
just at the moment of combustion. This is done in
the compound (or oxyhydrogen) blow-pipe invented
by Dr. Hare. In this apparatus (Fig. 8) the oxygen

F1c. 8.—Oxyhydrogen Blow-pipe.

and hydrogen are contained in two separate bags
or cylinders. They are mixed just at the tip of
the burner (Fig. g), which consists of two tubes,
one within the other. Through the central or inner
tube oxygen is allowed to flow, while the outer tube
connects with the hydrogen-reservoir. The hydro-
gen is first turned on and kindled, then the oxygen
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is admitted ; the flow of both gases being carefully
regulated by stop-cocks, and by pressure on the
bags. The flame, although almost non-luminous, is
intensely hot; and many substances which were

7R3

F16. 9.—Oxyhydrogen Blow-pipe Tip.

once deemed infusible melt in it easily. Platinum,
for example, melts like wax before the compound
blow-pipe, although in the hottest furnace it only
softens. In the metallurgy of platinum this fact
is carefully utilized. Some metals, like silver, are
vaporized by the heat of the oxyhydrogen jet,
while others burn in it brilliantly. A steel file, for
instance, is easily consumed, sending forth a mag-
ficent shower of sparks as it burns.

When any substance capable of resisting the
excessively high temperature is inserted.in the
oxyhydrogen flame, it becomes intensely luminous.
This fact is applied in the calcium or Drummond
light, now extensively used in stereopticon exhibi-
tions and for theatrical effects. This light con-
sists simply of a small cylinder of common lime,
upon which the flame of a compound blow-pipe
is allowed to play. It rivals the electric light in in-
tensity.

Up to this point we have been considering only
the gualitative composition of water, and the phe-
nomena attending its formation. We now need to
enter upon guantitative discussions, both as to the
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volumes and the weights of the o‘{ygen and hydro-
gen which unite.

Whenever a current of electricity is passed
through a liquid capable of conducting it, that
liquid, if compound, will be decomposed. This
method of decomposition is known as électrolysis.
Pure water is not’a conductor of electricity, but by
adding to it a few drops of sulphuric acid it be-
comes one, and is then capable of electrolytic analy-
sis.

ExPERIMENT 19.—Fill and invert two test-tubes
in a vessel of water slightly acidulated with sulphu-
ric acid. Now bring under their mouths the two
terminal wires of a small galvanic battery, best of a
couple of Grove, Bunsen, or Daniell cells (Fig. 10).

F1c. 10.—Electrolysis of Water.

Bubbles of gas will slowly form (more rapidly with
a more powerful battery)and rise into the test-tubes,
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displacing the water which they at first contained.
Allow this action to continue until enough gas has
accumulated for convenient examination, and notice
that one tube contains just twice as much as the
other. By applying a match to the more volumi-
nous gas it may be identified as hydrogen ; while by
plunging an ignited splinter of wood into the con-
tents of the other tube oxygen may at once be recog-
nized. By analysis, therefore, water yields two vol-
umes of hydrogen to one of oxygen. In this experi-
ment the battery-wires, as far as they dip into the
acidulated liquid, should terminate in slips of plati-
num.

The foregoing method of analysis is not rigidly
exact, for the reason that traces of the gases evolved,
and rather more of the oxygen than of the hy-
drogen, remain dissolved in the water. Synthetic
methods, though more difficult, are better.

When an electric spark, cither from an electri-
cal machine, a Leyden-jar, or an induction-coil, is
passed through a mixture of hydrogen and oxygen,
the two gases unite with an explosion. For quanti-
tative purposes this experiment is usually performed
in a graduated glass tube, called a eudiometer, and
the spark is transmitted between two platinum wires
which are melted into the glass at the closed upper
end (Fig. 11). In such a tube the gases can be ac-
curately measured ; and it is found that when just
two volumes of hydrogen and one of oxygen are
taken, the union is complete. If the mixture of
gases contains more than two thirds hydrogen or
more than one third oxygen, the excess of either
element simply serves to dilute the rest, and re-
mains unaltered after the explosion. The oxygen
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and hydrogen under these circumstances combine
only in the proportions above indicated.*

FiG. 11.

In experiments upon the union of gases by vol-
ume an important question always arises—namely,
Is the volume of the product the same as that of the
original mixture, or does condensation occur? Sup-
pose, for example, that two litres of hydrogen com-
bine with one litre of oxygen, and that we measure
the volume of the resulting water in the form of
steam. We shall find that, if we compare the steam
with the component gases at identical temperatures
and under the same pressure, only two litres of
steam have been formed. In other words, the three
original volumes of elementary gases have con-
densed to two volumes during union. When we

* For class-room illustration this experiment may be roughly per-
formed with improvised apparatus, as far as demonstrating the effect
of an electric spark is concerned. Accurate work is hardly possible
under such circumstances.
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come to consider this fact in its relations to other
facts further on, we shall see that it has a very
important bearing upon the theories of chemistry.
For the present we may use it to determine the
weight of steam as compared with that of hydro-
gen. One volume of oxygen weighs sixteen times
as much as an equal volume of hydrogen. Hence
the three volumes of elementary gases which unite
to form water must weigh 14 1 16 = 18 times as
much as one volume of hydrogen. But this is also
the weight of two volumes of steam, so that one
volume of steam must weigh half as much, and be
nine times heavier than hydrogen. Furthermore,
these figures give us the composition of water by
weight. The one volume of oxygen must be just
eight times as heavy as the two volumes of hydro-
gen, and accordingly water consists of one part by
weight of the latter element to eight parts of the
former. This ratio of one to eight is more com-
monly written two to sixteen, for reasons which will
appear in a later chapter.

The different phenomena and substances with
which chemistry has to deal are so intimately con-
nected one with another, that it is always desirable
to verify important facts by several distinct lines of
investigation. Since the composition of water is a
matter of very great importance, we can not rest
content with the wolumetric analysis and synthesis
given above, much as they confirm each other, but
we must make use of other modes of demonstration
also. For the composition of water by weight we
have so far only an indirect estimation; and for ad-
ditional proof an actual synthesis by weight must

be resorted to. This is best accomplished with the
3
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aid of copper oxide, a substance containing a defi-
nite quantity of oxygen in a condition very available
for our purposes.

EXPERIMENT 20.—Place a quantity of dry cop-
per oxide in a tube of hard glass, and connect the
latter, held horizontally, with the exit-tube of a flask
in which hydrogen is being generated. When the
apparatus is full of hydrogen, so that an explosion

F1c. 12.—Synthesis of Water.

due to admixed air may be no longer feared, heat
the copper oxide carefully to near redness (Fig. 12).
As the hydrogen streams over it, oxygen will be
withdrawn and water will be formed; which, as
steam, will issue from the farther end of the tube.
When the operation is complete, all of the black ox-
ide will have been reduced to pure, bright, metallic
copper.

This experiment, with some delicate refinements,
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gives us the means for accurately ascertaining the
weight-composition of water. We have only to
weigh the copper oxide before the experiment, and
afterward to weigh the remaining metallic copper
and the water which has been formed, and all the
necessary data are at our disposal. The difference
between the weights of the copper oxide and the
copper is plainly the weight of the oxygen in the
water produced. This weight, subtracted from that
of the water, gives us, of course, the weight of the
hydrogen. By this method, water is found to con-
tain, by weight—

88.89 per cent of oxygen,
IL.II b “ hydrogen,

100.00 total.

These figures give us, in strict accordance with
those calculated from the volumes of the two gases,
the ratio of one to eight, or two to sixteen,* between
the weights of oxygen and hydrogen in water.
Water, then, contains, by volume, two of hydrogen
to one of oxygen, these three volumes being con-
densed by union into two. By weight it contains
two parts of hydrogen and sixteen of oxygen—fig-
ures which we shall have occasion to use repeatedly
hereafter.

Water, or hydrogen monoxide, is a transparent,
tasteless, odorless liquid. In small quantities it ap-
pears colorless also, but in thick layers it is found
to have a decided blue tint. Its physical properties
are of the highest importance, inasmuch as they

* The ratio actually deduced from all the best experiments is
2 :15.9633. The latter figure is so nearly 16 that 16 may fairly be
used in ordinary calculations.
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furnish some of the most convenient standards with
which to compare those of other substances. Our
thermometric scales, for example, depend upon the
boiling of water and the melting of ice; the boiling-
point being taken as one standard of temperature
and the melting-point as another. In the centi-
grade scale, which alone is used in this book, the
temperature at which ice melts or water freezes is
arbitrarily put at zero, while the boiling-point is
given the value of 100°. The interval between is
divided into one hundred equal parts, and similar
degrees are marked off for temperatures above or
below the two standards. The Fahrenheit scale,
which is the one in common use, assumes 32° for
the freezing-point of water and 212° for the boiling-
point, dividing the space between into one hundred
and eighty degrees. :

When boiled, water yields a larger volume of
vapor than any other known liquid. One litre of
water, measured at o° C., converted into steam
at 100° will give 1,696 litres of the latter. Hence
the common expression that “a cubic inch of water
yields a cubic foot of steam ” is approximately true.
But few other liquids out of the hundreds known
give even one third as great a volume of vapor.

Upon cooling, water again behaves remarkably.
It contracts regularly until the temperature of 4° is
reached, at which degree it attains its maximum
density. Cooled still further, it expands, and at o°
it solidifies into ice, undergoing another more sud-
den expansion. It is this expansive force which
breaks bottles and pitchers in which water is al-
lowed to freeze, and which gives to frost its great
power in disintegrating rocks. Because of the ex-
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pansion, ice is lighter than water and floats upon it;
were it to sink, fresh surfaces of liquid would be ex-
posed to freezing during winter, until our lakes and
rivers were frozen solid. Such masses of ice could
not be melted by the summer’s heat, fish-life would
become impossible, and the temperate zones would
in time be almost frigid. When the vapor of wa-
ter is suddenly chilled, snow is formed, and every
flake exhibits a regular crystalline structure. Each

-F1G. 13.—Snowflake Cr};stals.

snow-crystal is a symmetrical, six-pointed star, one
varying from another only in minor particulars
(Fig. 13). Form is as distinct a property of sub-
stances as color, taste, or smell; and every solid
has its own characteristic shape, in which, if left to
themselves, its molecules become arranged in ac-
cordance with rigid mathematical laws.



44 INORGANIC CHEMISTRY.

As regards weight, water is again an important
standard. In the metric system the unit of weight
is the gramme ; and this is defined as the weight of
a cubic centimetre of water measured at its tem-
perature of maximum density. A cubic decimetre
of water, or a litre, weighs just a thousand grammes,
or one kilogramme. The most exact weights and
measures, therefore, depend for their accuracy upon
a precise knowledge of some of the properties of
water.

In dealing with solids and liquids, specific grav-
ity or density is always referred to water as the unit
of comparison. If a body is twice as heavy as water,
bulk for bulk, its specific gravity is said to be two ;
if five times heavier, it is expressed by five, and so
on. The specific gravity of a gas or vapor is now
generally referred to hydrogen as unity, although
in some works air is still retained as the standard.*

As a solvent, water far exceeds every other liquid
known. Certain liquids, like alcohol or chloroform,
will dissolve some substances which water can not
attack, but in the long run water leads them all.
As a general rule, with comparatively few excep-
tions, solids dissolve more easily in hot water than
in cold. Gases, on the other hand, are more solu-
ble in cold water. Some substances, like sugar, dis-
solve easily and in large quantity in water; others,
as for example gypsum, dissolve but sparingly ; but
for each one there is a limit beyond which solu-
bility can not go. These facts may advantageously

* Some of this material belongs more properly in a work on physics,
so that fuller discussion is impracticable here. Such physical data as
have chemical importance will be introduced here and there through-
out this volume,



WATER. 45

be verified by the student with self-devised experi-
ments upon salt, sugar, alum, and such other soluble
bodies as may happen to be most readily available.
The phenomenon of solution is one which has not
yet been fully explained ; it is probably due to a very
weak kind of chemical attraction between the solv-
ent liquid and the substance dissolved.

Because of its great solvent properties, natural
water is never strictly pure. Rain-water contains
gaseous impurities, and even traces of solid matter
dissolved in it; while river, spring, well, and lake
waters absorb a variety of substances from the soil.
Evaporate any ordinary drinking-water to dryness
on a slip of clean, bright platinum-foil, and you will
obtain visible traces of a solid residue. In sea-water,
salt lakes, and mineral springs, saline substances are
present in large quantities. Effervescent waters,
like those of the Saratoga springs, are also heavily
charged with a well-known gas, carbon dioxide or
carbonic acid. Waters nearly free from solid ingre-
dients are called sof? waters. Waters containing
much lime in solution are called /Zard. Perfectly
pure water is so tasteless as to seem flat and un-
drinkable. Only after it has been aérated by expos-
ure to the air does it become palatable.

Water may be readily freed from suspended
sediments either by settling in large tanks or by fil-
tration. On the large scale it is best filtered by
allowing it to percolate through layers of charcoal
and sand, but in the laboratory filters of paper are
commonly used. A circular sheet of unsized paper
is doubled, and then folded again at right angles to
the crease first made. By lifting one of the folds
away from the other three, a hollow cone of paper
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is obtained which will fit snugly to the sides of a
glass funnel. When water containing sediment is
poured through this arrangement, the suspended
solids are retained by the paper, and the liquid is
transmitted clear (Fig. 14).

In order to obtain water free from dissolved im-
purities, resort must be had to distillation. This

Fi1G. 14.—Filtration,

process consists simply in boiling the water away,
and then condensing and collecting it from the
steam. Distillatory apparatus may be made after a
great variety of patterns, according to the exact use
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to which it is to be applied. For school purposes,
a glass retort will suffice, arranged as shown in Fig.

F1c. 15.—Distillation.

13. The retort, mounted on a convenient stand, is
half filled with water and heated by a lamp placed
below. To diminish the danger of breaking, the
bottom of the retort should be separated from the
direct flame by a sheet of fine w1re-gauze. The neck
of the retort dips into a flask called a receiver, which,
together with the neck, is kept cold by the applica-
tion of wet cloths. When the water in the retort is
boiled, the steam passes over to be condensed in the
receiver.* From gaseous impurities water may be
freed by simple boiling.

Water is capable of entering into chemical union
with many other substances. A great number of
crystalline salts contain definite quantities of it, in a

* The author purposely describes the apparatus in its very simplest
form. Schools having more elaborate appliances will of course use
them.



438 INORGANIC CHEMISTRY.

condition known as water of crystallization. Heat a
crystal of alum in a glass tube, and it will give off
water, which may be recognized by its condensing
in drops on the cooler parts of the tube above. Sul-
phate of copper (blue vitriol) owes its brilliant blue
color to water of crystallization. Upon carefully
heating one of the blue crystals it will become white;
and after standing a while it will regain its color by
absorption of water from the atmosphere. Many
substances have this power of absorbing water from
the air. A bit of calcium chloride, left in an open
vessel for a few days, will become wet, and in time
will even liquefy, so much water is taken up. This
phenomenon is called deliguescence. When a body
Joses water spontaneously it is said to ¢floresce.
Many minerals contain water of crystallization, and
water is an essential and important constituent of
all animals and vegetables.

The second compound of hydrogen and oxygen,
hydrogen dioxide,* is a very interesting substance,
but hardly important enough for extended descrip-
tion here. It is a liquid nearly half as heavy again
as water, and it actively bleaches vegetable colors.
As a powerful oxidizer it behaves very much like
ozone,

* Sometimes called peroxide of hydrogen.



CHAPTER VL
NITROGEN AND THE ATMOSPHERE.

NITROGEN, which was discovered by Rutherford
in 1772, occurs abundantly in the atmosphere, and
also as an important constituent of animal and vege-
table matter. It is furthermore contained in very
many artificial substances; as, for example, nitric
acid, ammonia, saltpeter, nitroglycerine, and so on.
In the air it is found to be mixed with oxygen; and it
is most readily isolated by simply withdrawing the
latter element from it.

EXPERIMENT 21.— Place a bit of carefully dried
phosphorus, as big as a pea, upon a piece of flat
cork, and float it in a large earthen dish half full
of water. Kindle the phosphorus, and then cover
it with a capacious glass jar or bell-glass, whichever
happens to be most convenient (Fig. 16). In burn-
ing, the phosphorus is of course only uniting with
the oxygen of the air; and white clouds of a solid
oxide of phosphorus are formed. These dissolve
in the water of the dish, and at last the gas remain-
ing in the jar will be approximately pure nitrogen.
This may be allowed to stand for further examina-
tion. In order to protect the cork from burning
with the phosphorus, the latter may rest directly
upon a layer of either plaster-of-paris or lime, which
will serve as a non-conductor of heat.
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Nitrogen may also be prepared by a sort of re-
versal of Experiment 20. In that experiment, cop-
per oxide was heated in
a stream of hydrogen ;
water being formed,
and metallic copper re-
maining behind. Now,
by heating the copper
to redness and pass-
ing over it a slow but
steady current of air,
copper oxide will be
reproduced, and only
nitrogen will issue from
the farther end of the tube. - There, by means of a
delivery-tube. made to dip under water, it may be
collected in jars and further investigated. There
are several other processes for the preparation of
nitrogen, but they need no description here.*

In the free state nitrogen is one of the least inter-
esting of the elements. It is a colorless gas, four-
teen times heavier than hydrogen, and having nei-
ther taste nor odor. It is incapable of supporting
either life or combustion: a lighted candle plunged
in it is extinguished ; an animal immersed in it
immediately dies. Its occurrence in the air, how-
ever, shows that. it is not poisonous; it kills, not
by any deleterious action, but simply because it
lacks the power of keeping up the vital processes;
when it fills the lungs, the necessary oxygen is ex-
cluded.

Nitrogen combines directly with only a very few

F1G. 16.—Preparation of Nitrogen.

* In short courses of study the experimental preparation of nitrogen
may be omitted altogether.
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of the other elements, such as boron, silicon, and the
rare metals titanium and tungsten. Its important
compounds with oxygen, hydrogen, and so on, are
all formed by indirect processes, and, as a general
rule, are very easily decomposed. Nearly all of
the explosive substances_practically in use are com-
pounds of nitrogen, and their explosiveness is a
consequence of this ready decomposibility. Gun-
powder, gun-cotton, nitroglycerine, dynamite, and
fulminating powder, are all cases in point.

The composition of air, which may be approxi-
mately put at one fifth oxygen with four fifths nitro-
gen, is more precisely given in the following per-
centages:

By weight, By volume.

ORREN s, Jor- A B i o B R e ey 23.0 20.8
NHEGEEh, & o we LR SR e 77.0 79.2
100.0 100.0

In a rough way the composition by volume may
be verified in a class-experiment, as follows:

EXPERIMENT 22.—Invert a large test-tube, or,
better, a graduated tube closed at one end, in a
dish containing mercury (Fig. 17). Now melt under
warm water a little phosphorus, and take up a drop
of it upon the end of a stout wire. When it solidi-
fies, pass the small pellet thus formed under the sur-
face of the mercury and up into the tube. Leave it
in position for several hours, or longer if need be.
The phosphorus will slowly oxidize, and the mer-
cury will gradually rise in the tube until but four
fifths of the original air remains. A lighted match
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plunged into this remaining gas will be extinguished,
showing it to be nitrogen.
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F1G. 17.—Analysis of Air.

Air is only a mixture—not a chemical compound.
This will appear more clearly after we study the
true oxides of nitrogen in the next chapter. Still,
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some considerations bearing upon this point may
well be offered here. If we artificially mix oxygen
and nitrogen gases in the proper proportions, the
mixture will have all the characteristic properties
of air, and yet none of the usual phenomena which
attend chemical union will be manifest. Further-
more, although air is practically constant in its
composition, whether taken from the tops of mount-
ains or the depths of valleys, from near the Equator
or in the Arctic zone, it does exhibit slight varia-
tions which can be detected by refined analyses.
Some remarkable experiments by Professor Morley
illustrate this fact. It has been supposed by some
meteorologists that the sudden periods of severe
weather popularly known as “cold snaps” are due
to the vertical descent of intensely cold air from
very great elevations. Now, oxygen is heavier than
nitrogen in the ratio of sixteen to fourteen, and is
consequently more powerfully affected by gravita-
tion. There is, therefore, in spite of the ease with
which gases diffuse into each other, becoming more
and more perfectly mixed, a slight tendency to a
concentration of the heavier oxygen near the earth’s
surface, and a corresponding excess of nitrogen at
very great heights above. If, now, a ** cold snap”
is caused by a sudden descent of air from an exceed-
ingly high level, the air during it should be slightly
poorer in oxygen than at other times. This, by a
long series of daily analyses of air, Professor Mor-
ley finds to be the fact ; although the differences are
so small as to be comparatively unimportant.

In speaking of a7 we always mean the gaseous
mixture above described, which is 14.43 times as
heavy as hydrogen. In the atmosphere around us,
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however, several other substances occur, but in
widely varying proportions. First, the vapor of
water is always present, and plays an important
part in determining the character of a climate.
Secondly, carbon dioxide is invariably to be found,
in quantities ranging from three to seven volumes
in ten thousand volumes of air. The average
amount in the open country is about four volumes;
at sea the proportion is less, and near large towns
it is greater. Any quantity over seven volumes
is decidedly injurious to health. Small as these
proportions are, the total quantity of carbon dioxide
in the atmosphere is enormous; and, as we shall
see when we come to study carbon, its influence in
connection with the growth of plants is extremely
important. Thirdly, ammonia in minute traces is a
regular constituent of the atmosphere. This, fre-
quently combined with nitric acid, is brought down
to the earth by snow and rain, and serves to supply
plants with a considerable part of their nitrogen.
All of these ingredients of the atmosphere, and
probably also ozone, are essential, and necessary in
the economy of nature. With them various acci-
dental impurities are frequently found, products of
putrefaction, of combustion, and so on.



CHAPTER VIIL
AMMONIA AND THE OXIDES OF NITROGEN.

THE compounds formed by the union of nitro-
gen with hydrogen and oxygen are extremely im-
portant and interesting, both from a practical and
from a theoretical point of view.

With hydrogen alone, nitrogen combines in only
a single proportion; the compound being the well-
known substance, ammonia. We have already seen
that this body occurs in minute quantities in the
atmosphere; it is also found in rain and river wa-
ters, and in all fertile soils. It is continually pro-
duced in nature by the decomposition of animal
matter, and it may be prepared artificially by dis-
tilling refuse scraps of horn, hoofs, bones, or hair.
In the manufacture of illuminating-gas it is devel-
oped from the nitrogen contained in the coal, and it
is retained by the water through which the gas is
passed on its way to the gas-holders. The ammo-
niacal solution thus obtained is now the chief com-
mercial source of ammonia. It is first mixed with
sulphuric acid, forming a substance known as am-
monium sulphate, which is used to some extent
as a fertilizer. This compound, heated with lime,
evolves ammonia copiously.

EXPERIMENT 23.—Rub together in a mortar a
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fragment of “sal ammoniac ” (ammonium chloride),
a bit of lime, and a few drops of water. Ammonia
will be set free and may be recognized by its smell.
All compounds of ammonia behave in the same
way ; so that trituration with lime affords a ready
means of testing for the substance.

EXPERIMENT 24.—Pulverize two parts by weight
of ammonium chloride and one part of quicklime.
Mix, and transfer the mixture to a stout glass flask
provided with a delivery-tube (Fig. 18). Upon
heating, ammonia will be freely given off, and it

FIG. 18.—Preparation of Ammonia,

can be collected in test-tubes or small bottles in-
verted over mercury. The usual pneumatic trough
or water-pan can not be used in this case, because
of the solubility of ammonia in water.

Ammonia, thus prepared, is a colorless gas of a
peculiar, characteristic, very pungent odor. Under
ordinary circumstances it is neither combustible nor
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a supporter of combustion ; but, mixed with a large
quantity of oxygen, it may be made to burn with a
yellow flame. By weight it is composed of four-
teen parts of nitrogen united with three of hydro-
gen; or, by bulk, one volume of the former gas to
three of the latter. These four volumes condense
to two in the compound, the ammonia formed being
eight and one half times heavier than hydrogen.
These figures carry weighty significance, which will
appear in the next chapter.

Ammonia is extremely soluble in water, particu-
larly when the latter is cold. At the temperature
of 0° C., one cubic centimetre of water will absorb
1,148 c. c. of the gas; while at 15° only 783 c. c. will
be taken up. This solubility may be illustrated by
introducing a few drops of water into one of the
tubes filled with ammonia during Experiment 24,
and left in position over mercury. The water will
absorb the gas almost instantaneously, and the mer-*
cury will suddenly rise to take its place in the tube.

The aqueous solution of ammonia is the common
agua- ammonia, ammonia-water, or spirits of harts-
horn of the shops. The last name reminds us that
ammonia was at one time prepared from the horns
of deer. Ammonia-water is used to some extent in
medicine, and has many important applications in
chemical manufactures. It varies much in strength,
but it always has the characteristic odor of the
gas, and is strongly alkaline. It.is also caustic;
and, when strong, readily blisters the skin. When
boiled, it gives off its gaseous ammonia. The latter,
by cold and great pressure, is easily condensed to a
colorless liquid, which, when the pressure is re-
leased, rapidly evaporates, producing intense cold.
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This fact is applied in Carré’s machine for making
artificial ice.* All ice-machines depend upon the
principle that a liquid, in evaporating, absorbs heat
from surrounding objects. Liquefied gases evapo-
rate suddenly, and therefore absorb heat suddenly.

With oxygen, nitrogen unites in five different
proportions; and two of its oxides combine further
with water to form two well-known acids. Since
nitric acid is the most convenient starting-point for
the preparation of all these other compounds, it
may properly be the next substance to engage our
attention.

EXPERIMENT 25.—Arrange a retort and receiver
as in Fig. 15. Put a weighed quantity of saltpeter
(potassium nitrate) in the retort, pour over it an
equal weight of strong sulphuric acid, and heat.
Nitric acid will distil over; and at last a white solid,
‘potassium hydrogen sulphate, will remain behind.

In the commercial manufacture of nitric acid
sodium nitrate is used instead of saltpeter, being
cheaper. But any nitrate, distilled with sulphuric
acid, will yield nitric acid in the same way. . Ni-
trates are simply the compounds formed by nitric
acid with the various metals and bases, and all have
names similar to those mentioned above. Sulphu-
ric acid is stronger than nitric acid, and displaces
it from its compounds, forming sulphates instead.
Such names as silver nitrate, lead nitrate, copper
sulphate, and zinc sulphate, are good examples of
this kind of nomenclature. Similarly, carbonic acid
forms carbonates; boric acid, borates; phosphoric
acid, phosphates; acetic acid, acetates, and so on.

* See “ Roscoe and Schorlemmer’s Chemistry,” vol. i, p. 383; or
‘¢ Deschanel’s Physics,” pp. 329-330.
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Nitric acid, when pure, is a colorless liquid of
specific gravity 1.52. Commonly it is somewhat
yellow, from the presence, as an impurity, of one
of the oxides of nitrogen. It has a suffocating odor,
an intensely sour taste, and is exceedingly corrosive.
It attacks all ordinary metals except gold and plat-
inum’; and, indeed, dissolves most of them. Hence
the early chemists gave it the name of agua fortis, or
“strong water.” Applied to the skin, it produces
yellow stains, which wear off only after several
days; and, if strong, it causes corrosion as painful
as a burn. Physicians use it somewhat as a caustic;
it is employed in etching copper plates for engrav-
ings; and it has important applications in refining
the precious metals, in making nitroglycerine, gun-
cotton, the aniline dyes, and so on. The following
experiments with nitric acid will be found instruc-
tive: '

ExPERIMENT 26.—Cover a piece of bright sheet
copper with a thin coating of wax. Scratch a de-
sign through the wax with a sharp needle. Now
pour over the sheet a little nitric acid, previously
diluted with an equal bulk of water, and after a few
minutes wash it off again. Upon cleaning off the
wax the design will be found to be etched into the
copper.

ExPERIMENT 27.—Cover a bit of lead in a glass
or porcelain dish with nitric acid diluted as before.
Reddish fumes will be given off, and the metal will
dissolve. If the solution be allowed to stand for a -
while, or if it be boiled down somewhat, it will de-
posit white crystals of lead nitrate.* These can be

* This experiment may be varied by using other metals than lead
and getting other nitrates. Any common metal will do, except tin or
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used, if time permits, in a repetition of Experiment
25 for the preparation of nitric acid.

EXPERIMENT 28.—Pour dilute nitric acid over a
few clippings of quill, bits of white feather, or fibres
of white silk. They will be stained permanently
yellow.

EXPERIMENT 29.—Put a fragment of any nitrate
into a test-tube, and dissolve it in the smallest pos-
sible quantity of water. Add to the solution, cau-
tiously, an equal bulk of strong sulphuric acid, and
allow the mixture, which has become hot, to cool.
In another test-tube dissolve with water a crystal of
" sulphate of iron. Pour this solution, very slowly,
into the first test-tube, holding the latter slantwise,
so that the two fluids will form two separate layers,
without mixing. At the boundary between these
layers a brown ring will appear. This is the test
by means of which nitric acid and nitrates are ordi-
narily detected.

In speaking of ammonia it was described as be-
ing strongly alkaline. Inasmuch as the terms acid
and alkaline will be frequently used in this book, the
distinction between them may well be illustrated
here.

EXPERIMENT 30.—Into one test-tube of water
pour a few drops of nitric acid, and into another a
little ammonia. Into the one containing the acid
dip a slip of blue litmus-paper.* It will become
red; and if it be now inserted into the ammonia the

antimony. These, instead of dissolving, are converted into white, in-
soluble oxides.

* Litmus is a coloring matter obtained from certain lichens. The
juice of the common red cabbage may be used as a substitute for it
being turned green by alkalies and regaining its tint with acids.
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blue color will be restored. Blue litmus, then, is
reddened by an acid, and reddened litmus is turned
blue by an alkali. An alkali is in its chemical prop-
erties the opposite of an acid; and in litmus-paper
we have a convenient means of recognizing either
class of substances.

Any substance which unites with an acid is
termed a base. The compounds formed are known
as salts, and, in general, have no effect upon litmus-
paper. Strictly speaking, the alkalies are simply
the stronger soluble bases, of which soda, potash,
and ammonia* are the best examples. Lime is also
strongly alkaline.*

EXPERIMENT 31.—Put a slip of litmus-paper in a
porcelain or glass dish containing ammonia, and add
nitric acid cautiously, stirring meanwhile, until the
paper is just faintly reddened. Now add a drop
of ammonia, then a drop of acid, and so on, until
the acid and alkali exactly neutralize one another.
Evaporate the liquid, and white crystals will form
which are neither acid nor alkaline. They consti-
tute a salt, ammonium nitrate, which may be re-
served for use in a future experiment.

The other nitrogen acid previously referred to
is unimportant. It contains less oxygen than nitric
acid, and is named nitrous acid. The terminations
ous and ic are used in chemical nomenclature to in-
dicate lower and higher degrees of combination
respectively. The salts of nitrous acid are called
nitrites. So, also, we have sulphurous and sulphu-
ric acids, the one forming sulphites and the other

* The true significance of the terms acid, alkali, base, and salt will
be developed in subsequent chapters. Exhaustive definitions would be
inappropriate here.
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sulphates. The names of salts derived from ous
acids end in 7Ze, those from zc acids in aze.

One of the fundamental principles of chemistry
is the Jaw of definite proportions. This law asserts
that any given chemical compound always contains pre-
cisely the same elements in exactly the same proportions.
No variation is possible. When, however, two ele-
ments unite to form more than one distinct com-
pound, the law of wmultiple proportions comes into
play. This law is best illustrated by the five oxides
of nitrogen, which are composed by volume as fol-
lows:

Nitrogen monoxide contains 2 vols. nitrogen with 1 vol. oxygen.

v dioxide L & &5 € “ 2 es ““
] trioxide @ “ o« « “« g« «
“ tetroxide @ “ o« « “ o4 “
“ pentoxide ¢ & (] “ “ 5 ““ I

We find a similar regularity in their composition
by weight :

Nitrogen monoxide contains 28 parts of nitrogen to 16 of oxygen.

# dioxide, 4 & “ “ « 32 « «
ki trioxide oy e &J “« “« 48 “« 7]
ARE tetroxide uf o3 “ “ “ 64 o
& pentoxide % “ “ “ 8o«

In both tables, nitrogen being constant, we see that
the oxygen varies in a simple multiple ratio. Hence
the law, of which many other examples could be
cited, that whken two elements unite to jform several
compounds, the higher proportions of each are even mul-
tiples of the lowest.

Two of these oxides, the third and the fifth, are
unimportant. The fifth is a white, crystalline, ex-
plosive body, which reacts with water so as to form



AMMONIA AND THE OXIDES OF NITROGEN, 63

nitric acid. From the third, nitrous acid is simi-
larly derived. These two compounds need no fur-
ther notice here. The others are more important.

Nitrogen monoxide, commonly known as ni-
trous oxide, is a colorless, odorless, slightly sweetish
gas, twenty-two times heavier than hydrogen. By
great cold and pressure it can be liquefied, and
even frozen solid. The only available mode of prep-
aration is as follows:

EXPERIMENT 32.—Arrange a test-tube and deliv-
ery-tube precisely as for the preparation of oxygen.
Fill the test-tube half full of dry ammonium nitrate
(see Experiment 31), and heat very gradually. The
ammonium nitrate will first melt, and then undergo
decomposition ; the products of the latter change
being nitrogen monoxide and water. The nitrous
oxide can be collected in a gas-bag, or in bottles
over the water-pan. If the heating be conducted
too rapidly, the gas will be likely to contain delete-
rious impurities.

Although nitrous oxide is not really capable of
sustaining life, it may be breathed to a limited ex-
tent without danger. For this purpose, however,
it should be quite pure; a condition best to be se-
cured by using only materials of good quality, evolv-
ing the gas very slowly, and washing it by causing
it to bubble through several bottles of water be-
fore it reaches the gas-bag. When inhaled in small
quantities, nitrous oxide produces a peculiar exhila-
ration, because of which it has received the popu-
lar name of “laughing gas.” Prolonged inhalation
leads to unconsciousness, with complete insensi-
bility to pain. Hence its use by dentists as an an-
@sthetic.

4



64 INORGANIC CHEMISTRY.

In nitrous oxide the elements are feebly united.
Strong heating, therefore, will decompose it, setting
oxygen free. By virtue of this fact it is capable
of supporting combustion. Immerse a splinter of
ignited charcoal in the gas, and it will burn almost
as brilliantly as in pure oxygen. The red-hot coal
first decomposes a little of the gas; the oxygen
thus liberated takes part in the combustion, devel-
oping more heat; this leads to further decomposi-
tion, more oxygen becomes free, and so on to the
end of the reaction. To verify this point, repeat
Experiments 12, 13, and 15, using nitrogen monox-
ide instead of oxygen.

Nitrogen dioxide, sometimes called nitric oxide,
is another colorless gas only fifteen times heavier
than hydrogen. Its odor is extremely suffocating,
and it supports combustion only in one or two ex-
ceptional instances. It is prepared thus:

EXPERIMENT 33.—Put some copper scraps or
turnings in the flask previously used for generating
hydrogen, and cover them with a half-and-half mix-
ture of nitric acid and water. Connect the delivery-
tube with a glass jar fw// of water, and inverted in
the usual way over the water-pan. At first, heavy
brownish-red vapors will be evolved, but after a
few moments they will disappear, and the jar will
fill with colorless nitric oxide.

The most interesting property of this gas is its
power of absorbing oxygen. Lift the jar just filled
with it so as to admit the air, and it will change to
the deep-red suffocating gas which was noticed at
the beginning of the experiment. This colored gas
is nitrogen tetroxide, or hyponitric acid, and we
shall frequently encounter it in our experiments.
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It appears whenever metals are dissolved or oxi-
dized by nitric acid.

In these experiments we have seen how inti-
mately the oxides of nitrogen are connected, and
also that all are derived either from nitric acid or
nitrates. We may now go a step further and obtain
even the strong base ammonia as a derivative of
nitric acid, as follows :

EXPERIMENT 34.—Add some zinc filings to a
strong solution of caustic potash, and heat the mix-
ture in a flask, gently. Now put in a little nitric
acid, but not so much as to neutralize the alkali.
Ammonia will be given off, and it may be recog-
nized by its smell. In this experiment hydrogen is
produced by the action of the zinc upon the alkali;
and this, at the instant of its liberation, so reacts
upon the nitric acid as to transform it into ammonia
and water.
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The last of these is derived from the Latin cx-
prum. So also we have Fe, from ferrum, for iron;
Ag, from argentum, for silver; Au, from awurum, for
gold; Sn, from stamnum, for tin; and so on in sev-
eral other cases. These symbols should all be
learned by actual use, rather than by mere memor-
izing.*

Now, using these symbols, let us tabulate the
compounds thus far examined ; giving the compo-
sition of each both by volume and by weight:

By volume, By weight,

Water. 2vols. H, 1 vol. O. 2 parts H, 16 parts O.

Hydrogen dioxide. 2 ¢“ H,2 * O. 2 ‘“ H,32 *“ O.

Ammonia. R ETN TRRCERIN (-3 IS G TR T AR SN

Nitrogen monoxide. 2 * N, 1 ¢ O.28 ¢ N, 16 ¢ O.

LU dioxide. 2 [ PN Nguatiey @l=a87 SCHNK 32k ¢RI

¢ trioxide. 2SR N RN 281 S NS A B ¢ 8 6)

- tetroxide. 2 ‘“ N,4 ¢ 0O.28 ¢« N,64 ¢ O

L pentoxide. 2 “ N,5 ¢ O.28 “ N,8 “ O.
Nitrous acid. 1vol. H,1 ¢ N,2 % O. ©» * H,14 ‘“ N, 32partsO.
Natricacidy, 13 U8RIl S68 SN 3w SO Gpups. Tt OETUSTHA €8 HIN Bt 2 O

These numbers are very suggestive, especially
when we consider them in the light of the law of
multiple proportions. Hydrogen is represented by
I, 2, and 3 volumes, or 1, 2, and 3 parts by weight.
Oxygen we find in the proportion of 1, 2, 3, 4, and
5 volumes, or 16, 32, 48, 64, and 80 parts by weight.
Nitrogen occurs in 1 and 2 volumes, or 14 and 28
parts by weight. In brief, as far as our experience
goes, if we take hydrogen as our standard of com-
parison and put its combining value at unity, oxygen
always combines in the proportion of 16 parts by
weight or some even multiple thereof, and nitrogen
in the ratio of 14 parts or a multiple. Furthermore,

* See table of elements in Chapter II,
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these numbers, 14 and 16, which we may now call
the combining weights of nitrogen and oxygen, also
represent the specific gravity of these gases, referred
to hydrogen as unity.

As we extend our observations to the other
chemical elements, we shall find similar relations
holding good everywhere. For each element a
definite combining weight can be found, which will
apply in all the compounds into which the element
can enter. For example:

t part H unites with 35.5 parts Cl.
1 €« H ““ 6 80 ““ Br.
1 ““ H 6« “« 127 6« I_

These values, 35.5, 80, and 127, are the combining
weights of chlorine, bromine, and iodine respect-
ively ; and they also represent the specific gravity
of each element in the gaseous state compared as
before with hydrogen as unity.

But many of the elements do not combine di-
rectly with hydrogen, and therefore their combin-
ing weights need to be determined indirectly. This
is easily done through the medium of some other
element; thus: '

35.5 parts Cl unite with 23 of Na, 39 of K, or 108 of Ag.
800 “ Br « SR N a* o O RENKS RSy o8 R A o
127.0 ““ I ““ ““ 23 6« Na’ 39 “« K’ 6 108 €« Ag-

Hence 23 may be taken as the combining weight
of sodium, 39 of potassium, and 108 of silver; and
if we go further and examine the compounds of
these metals with oxygen, nitric acid, etc., we shall
find that the values here assigned are in perfect har-
mony with those previously found for hydrogen,



ATOMIC WEIGHTS, CHEMICAL FORMULZE. 69

oxygen, and nitrogen. The practical importance of
such numbers will appear as in subsequent chapters
we become familiar with their use.*

Now, what do these simple relations mean?
Why do we never find oxygen uniting in fifteen or
seventeen parts, but always in proportions repre-
sented by multiples of sixteen? The answer to this
question was discovered by Dr. John Dalton, of
Manchester, England, who put forth in 1808 the
atomic theory which lies at the foundations of mod-
ern chemistry. If matter is, as we have already
supposed, made up of minute, indivisible atoms, it
is plain that in chemical union only w/o/e atoms and
multiples of whole atoms can take part. Fractions
of atoms are impossible. If, then, hydrogen and
oxygen unite chemically, they must do-so in pro-
portions representing either the relative weights of
their atoms, or simple multiples thereof, and similar
rules must govern the combination of all the ele-
ments. We assume, therefore, that the combining
weights really represent the relative weights of the
different atoms, compared with hydrogen as unity.
That is, an atom of oxygen weighs sixteen times as
much as an atom of hydrogen, an atom of nitrogen
fourteen times as much, an atom of silver one hun-
dred and eight times as much, and so on. These
values are called the atomic weights of the elements,
and a full table of them is given in Chapter II. As
to the 7ea/ weights of the atoms we have no defi-
nite knowledge; but concerning these comparative
weights we are quite certain. As we continue our

* The history of the discovery of the combining weights is admira-
bly given in the earlier chapters of Wurtz’s ‘‘ Atomic Theory” (*‘ In-
ternational Scientific Series,” vol. xxix).
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studies we shall find other lines of evidence confirm-
ing our present conclusions very strongly.

With the aid of the elementary symbols and
atomic weights we are now ready to approach the
subject of chemical formulae. First, let us render
our symbols a little more precise. Let H, for ex-
ample, represent not only hydrogen in general, but
exactly one unit weight of hydrogen, or one unit
volume, or, more definitely still, one atom. Let O,
N, C, etc., similarly stand for one afom of each ele-
ment respectively, and for 16, 14, 12, etc., parts by
weight, as the case may be. Furthermore, let us
express several atoms of an element by numerals
added to its symbol; as, for example, H, H,, Hg, H,,
etc., for one two, three, or four atoms of hydrogen.

Water, as we have already seen, contains two
unit weights, or two volumes of hydrogen, com-
bined with sixteen unit weights or one volume of
oxygen. Its formula, accordingly, is written H,O ;
the symbols being placed side by side to indicate
chemical union. Hydrogen dioxide, on like princi-
ples, becomes H,0O,, and the nitrogen compounds are
easily formulated as follows:

Ammonia, NHs.
Nitrogen monoxide, N,O.
¢ dioxide, N30 *
“ trioxide, N:20s.
s tetroxide, NOu*
& pentoxide, NOs.
Nitrous acid, HNOa.
Nitric ¢ HNOs.

These formulea almost explain themselves. For
example, let us consider the last one, because it is

* These two formule should be halved, becoming NO and NO,
respectively, for reasons which will be presented further on.
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the most complicated. It shows, first, that nitric
acid contains one atom of hydrogen, one of nitro-
gen, and three of oxygen combined together; and
next, that the gases are united by volume in the
same ratio of 1:1:3. By weight it indicates one
part of the first element, fourteen of the second, and
three times sixteen of the third. Finally, just as H
represents one atom of hydrogen, so HNO; stands
for one wmolecule of nitric acid, and the sum of the
atomic weights 1 4 14 <+ 48, or 63, is called the molecu-
lar weight of the compound. If we wish to indicate
two or more molecules of nitric acid, we may write
either 2ZHNO;, or (HNOy),; but the former method
is customary.

All such formulz as these are capable of being
treated in a somewhat mathematical way, so that
chemical reactions may be written out in the form
of equations. On one side of an equation we write
the formulse of the substances with which our re-
action begins, and on the other the formula of the
substances produced by the change. Thus, in mak-
ing oxygen we heat potassium chlorate, KClO;,, get-
ting potassium chloride and the gas sought for.
The equation is simple :

KClOs = KCl + Os.

Again, ammonium nitrate, N,H;O,, splits up, on
heating, into nitrogen monoxide and water, as fol-
lows:

NqHsOs = N.O 4 2[{30.
Hydrogen is commonly prepared by the action of sul-
phuric acid, H,SO,, upon zinc ; zinc sulphate, ZnSO,,
being also formed. This reaction we may write :

Zn + HaSO( = Hﬂ + ZHSO4.



72 INORGANIC CHEMISTRY.

It will be noticed that the plus sign, 4, is used to
indicate addition, or mixture, as distinct from chemi-
cal union. The minus sign is sometimes used also,
to represent the withdrawal of certain elements
from a compound.

This class of chemical equations has very great
practical utility, inasmuch as they enable us to cal-
culate the results of reactions in advance. Suppose,
for instance, we wish to prepare a definite quantity
—say one pound or one kilogramme of nitric acid
—and desire to know just how much material to
use in order to avoid wasting. The reaction is as
follows:

KNOs + H;50, = KHSO, + HNOs.

That is, one molecule of potassium nitrate and one
molecule of sulphuric acid yield one molecule of
potassium hydrogen sulphate and one molecule of
nitric acid. Now the molecular weight of KNO; is
39+ 14 + 48 = 101 ; that of H,SO,is 2+ 32+ 64 =
08; and that of HNOQO; is 1 -} 14 +48 = 63. Hence,
101 parts of KNQ,, treated with g8 of H,SO,, will
give 63 parts of HNQO,; For “parts” now read
“pounds,” “ ounces,” “ grammes,” or “ kilogrammes,”
as the case may be, and the problem resolves itself
into an easy question in arithmetic.

Again, let us consider the preparation of oxy-
gen, for which the equation has recently been given.
The molecular weight of KClO; is 39 - 35.5 4 48 =
122.5. Hence, 122.5 parts of KCIO; yield 48 parts
of oxygen. Suppose now we wish to make exactly
fifty litres of oxygen, measured at o° and 760 mm.
In Chapter III we found the weight of one litre of
hydrogen, or one crith, to be 0.0896 gramme. A
litre of oxygen weighs 16 criths, and therefore fifty



ATOMIC WEIGHTS, CHEMICAL FORMULAZE. 73

litres must weigh 71.68 grammes. Hence, by a sim-
ple proportion—

48 : 122.5 :: 71.68 : x, or,
Os ¢ KCIO; iz 71.68 : x,

in which » represents the weight of potassium
chlorate needed to prepare the quantity of oxygen
sought for. If our oxygen is to be measured at a
temperature and pressure other than o° and 760
mm.—say at 21° and 755 mm.—we must correct the
weight of our fifty litres by the aid of the formula
given in Chapter III. Fifty litres of gas, at 0° and
760 mm., will become at 21° and 755 mm.:

50 X 760 X 294

TR = 54.2027.

This quantity, 54.2027 litres, weighs the same as be-
fore—namely, 71.68 grammes, and fifty litres of the
expanded gas will weigh

54.2027 : 50 it 71.68 : x,

x being the corrected weight of the volume of oxy-
gen desired.

The department of chemistry which deals with
these calculations is called stoickiometry. Many other
stoichiometrical problems will be taken up from time
to time as we proceed.*

* For a good outline of the principles of stoichiometry, see Chapter
VI of Cooke’s “ Chemical Philosophy,” new edition, 1881.



CHAPTER IX.
CARBON.

CARBON, one of the most common and most in-
teresting of the elements, is found in nature both
free and in a vast number of compounds. Itisan
important constituent of limestone and many min-
erals; it forms great beds of coal; it is the element
chiefly characteristic of animal and vegetable mat-
ter. Chemistry is commonly divided into two great
branches—inorganic and organic; the former deal-
ing with substances formed in inanimate nature, the
latter with the products of organic life and their
derivatives. At present, organic chemistry is usu-
ally defined as “the chemistry of the carbon com-
pounds,” and as such it might be fairly considered
here. For convenience, however, organic chemis-
try will be discussed separately later on; and in
this chapter we may limit ourselves to carbon in
some of its inorganic aspects.

Carbon itself is one of the best examples of allo-
tropy, since it occurs in three distinct forms—name-
ly, as diamond, as graphite, and as charcoal. In all
of its forms it is tasteless, odorless, infusible, non-
volatile, and insoluble. It is, however, combustible ;
readily so as charcoal, more difficultly in its other
modifications. But even the diamond burns in the
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oxyhydrogen-flame. The atomic weight of carbon
is 12.

The diamond is found in India, Borneo, South
Alfrica, and Brazil ; and occasionally in North Caro-
lina, Georgia, and California. It occurs in crystals,
more or less perfect, derived from the regular octa-
hedron (Fig. 19), and has in its purest state a spe-
cific gravity of 3.518. In color it ranges from a
pure limpidity well described in the phrase “a gem

F1G. 19.—Crystals of Diamond.

of thefirst water,” through various shades of yellow,
blue, green, pink, etc., to black. Generally the col-
orless stones are most prized, the yellow diamonds
being of much less value. Occasionally a blue or
green diamond brings an enormous price, for these
tints are very rare. The black variety is called car-
bonado, and has a slightly lower specific gravity.
The diamond refracts light very strongly, and to
this property it owes its brilliancy as a gem. Itis
the hardest of all known substances, and can be cut
and polished only with its own powder. Because
of its hardness it is used for cutting glass; and the
coarser varieties, such as carbonado, serve to tip the
diamond-drills which are now employed in rock-
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boring machinery. In 1880 small diamonds were
produced artificially by Mr. J. B. Hannay, of Glas-
gow ; but the details of the process have only par-
tially been made public.

Graphite, also known as plumbago or black-lead,
is extensively mined in England, Ceylon, Siberia,
and California, and at Ticonderoga in New York.
There are many other localities in which it is found,
so that it may fairly be reckoned one of the com-
moner minerals. It occurs in some meteorites, and
it is frequently produced in the blast-furnace. In
the latter case it is dissolved by the molten iron,
and crystallizes out upon cooling. It differs from
the diamond in many particulars; its color is black,
its specific gravity about 2.15, and it crystallizes in
six-sided plates. It is a good conductor of heat and
electricity, whereas the diamond conducts badly.
It may be more easily burned than diamond, less
easily than charcoal. In fine powder it has a greasy
feel, and is somewhat used as a lubricant for ma-
chinery. It is chiefly used in the manufacture of
lead-pencils, stove-polish, and crucibles, as a con-
ductor of electricity in the process of electrotyp-
ing, and as a glazing for the grains of gunpowder.
Gold and silver are usually melted in black-lead
crucibles. In the manufacture of coalgas, a very
hard coating of gas-carbon is formed in the gas-re-
torts. This is commonly regarded as a variety of
graphite, and is used in the Bunsen galvanic bat-
tery, and for making the carbon-points of the elec-
tric light.

Amorphous (shapeless or non-crystalline) carbon
is always of organic origin. As charcoal it is pro-
duced by the imperfect combustion of wood, retain-
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ing the structure of the latter almost perfectly. A
purer charcoal may be prepared by heating pure
white sugar. Another variety, lamp-black, is made
by burning tar, rosin, turpentine, or petroleum, with
a deficient supply of air, and passing the smoke into
large chambers, in which the carbon is deposited.
It is simply soot prepared on a large scale, and it is
used as a black paint and for making printer’s ink.
India ink is also made from lamp-black Animal
charcoal, as its name suggests, is produced by char-
ring animal matter in close iron cylinders, The
finest quality is made from blood, but bone-black,
containing with the carbon the earthy constituents
of bones, is more extensively prepared.

In all of its varieties amorphous carbon is black,
and easily combustible. Its specific gravity ranges
from 1.57 to 2.00; the variability resulting from the
fact that charcoal is always more or less porous.
This porosity confers upon charcoal an extraordi-
nary power of absorbing gases, to which property
its value as a disinfectant is due. For example, one
cubic centimetre of freshly-burned charcoal will ab-.
sorb 17.9 cc. of oxygen, 67.7 cc. of carbonic acid, or
171.7 cc. of ammonia. Insert a bit of charcoal in a
tube of ammonia.gas filled over mercury, and an
immediate rise of the latter in the tube will indicate
the absorption. Suppose now that a quantity of
charcoal be brought into an atmosphere contami-
nated with the noxious gases resulting from a leaky
sewer or from animal decomposition. They will at
once be absorbed; and, coming into close contact with
oxygen which has been absorbed also, they will be
oxidized and rendered harmless. The vigor of this
action may be shown by the following experiment:
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EXPERIMENT 35.—Heat a fragment of charcoal
to redness, so as to expel whatever gases it may con-
tain, and allow it to cool under mercury. Now
plunge it into a jar of sulphuretted hydrogen (Chap-
ter XV), and after a few moments transfer it to an-
other vessel containing oxygen. The two condensed
gases, meeting in the pores of the charcoal, will unite
with such intensity that the carbon will at once in-
flame.

The same principle may receive a number of
other less startling but more practical illustrations.
Rub a little powdered charcoal upon tainted meat,
and the unpleasant smell will disappear. Water
frequently has a fetid odor derived from organic
impurities; this may be corrected by simply filter-
ing the water through a thick layer of charcoal.  So,
also, by charring the lower end of a fence-post or
telegraph-post, it may be protected to a considerable
extent from rotting.

Charcoal also has a very remarkable power of
absorbing coloring - matters and many other sub-
stances. Animal charcoal is extensively used in
sugar-refineries for decolorizing raw brown sugar
and converting it into the finer white varieties. A
simple experiment will serve to illustrate this prop-
erty :

EXPERIMENT 36.—Half fill a small bottle with
red wine, a solution of indigo, or a solution of cochi-
neal, and add an equal bulk of freshly-burned char-
coal-powder. Bone-black is better still if it can be
obtained. Shake vigorously, and filter; the filtrate
will be colorless or nearly so. Beer or ale, similarly
treated, loses both its color and its bitterness. Even
a solution of quinine may be rendered nearly taste-
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less by filtering through charcoal, the quinine being
absorbed and retained.

Coke is a variety of amorphous carbon which
remains behind after coal has been heated for the
manufacture of illuminating gas. Coal itself is very
impure carbon, containing various compounds of
hydrogen, together with nitrogen, oxygen, sulphur,
and the various earthy substances which constitute
the ash. It varies much in composition, as the fol-
lowing percentage analyses show : ¥

Anthracite, | Soft coal. [Cannel-coal.| Lignite.

Carbon TP P=-r e s 92.59 89.33 80.07 66.31
Hydrogen'.. . S0 880 2.63 4.43 5.53 5.63
(0P Eil,00 6 600 GARBG 90 1.61 3.25 8.10 22.86
Nitrogens!. .Sy .. 0.92 1.24 2.10 0.57
Sulphur v Ve | S e 0.55 1.50 2.36
Aghi, ool W Es, NN 2.25 1.20 2.70 2.27

100.00 100.00 100.00 100.00

The compounds of carbon with hydrogen, the /y-
drocarbons, are very numerous, and are, in general,-
of organic origin. Coal-oil and petroleum are vari-
able mixtures of hydrocarbons; and the hydrogen
of coal exists partly combined with carbon and
partly in the form of water. Since the value of
coal for the manufacture of gas depends upon the
hydrocarbons which it contains, two or three of
these compounds may fittingly be described here,
while the others will be considered in connection
with organic chemistry, further on.

Methane,t also known as marsh-gas, fire-damp,

* In Dana’s “ System of Mineralogy” a large number of coal analy-
ses are given. The variations are extraordinary.

+ The naming of the hydrocarbons is somewhat arbitrary. This
point will be considered under organic chemistry.
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and light carbureted hydrogen, is a colorless gas
having the formula CH,. It burns readily with a
bluish-yellow flame, emitting much heat and but lit-
tle light. In nature it is often produced by the slow
decay of dead leaves at the bottoms of stagnant
pools; hence the common name, marsh-gas. By
stirring up the mud beneath a jar of water inserted
in such a pool, the bubbles of gas may be collected
and identified (Fig. 20). It also frequently accumu-
lates in coal-mines, forming a dangerously explosive

F16. 20.—Collection of Marsh-gas.

mixture with the oxygen of the air. Such mixtures,
ignited by miners’ lamps, have caused terrible loss
of life. Fire-damp is the miner’s name for the gas,
distinguishing it from the suffocating carbonic acid,
or choke-damp. It sometimes issues in great quanti-
ties from the earth, and particularly from artesian
wells sunk in search of petroleum. In some such



CARBON. 31

places it serves as a fuel, for driving steam-engines;
and the town of Fredonia, New York, is mainly
lighted by gas of natural origin, Methane is artifi-
cially prepared as follows:

EXPERIMENT 37.—Mix thoroughly two parts of
crystallized sodium acetate, four parts of caustic
soda, and eight parts of powdered quicklime. Heat
gently on an iron plate until the mixture is thor-
oughly dry and crumbly. Then heat it strongly in
a glass tube, such as was used for the preparation of
oxygen, and collect the gas over water. Test its
inflammability as in the case of hydrogen. In this
experiment the lime merely serves to render the
mass more porous, and to protect the glass from ex-
cessive corrosion by the caustic soda.*

Ethylene, C,H,, is another gaseous hydrocarbon
of great importance. It is fourteen times heavier
than hydrogen, whereas the density of methane is
only eight. Hence the old names of /Zeavy and Zight
carburetted lydrogen respectively. It is easily pre-
pared by heating together alcohol and strong sul-
phuric acid, and it burns with a luminous, smoky
flame. It is also known as ethene and as olefiant
(oil-producing) gas. The last name was given it be-
cause it unites directly with another gas, chlorme,
to form an oily liquid.

Acetylene, C;H,, is another gas, of a disagreeably
pungent odor, which is formed by the direct union
of its elements. When a series of powerful electric
sparks are passed between two carbon-points in an

* A cheaper way of preparing impure methane is to soak lumps of
lime in vinegar, and then to heat, as above, the mixture of lime and
calcium acetate thus obtained. In this process a good deal of steam
is first given off,
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atmosphere of hydrogen, acetylene is produced. It
combines directly with hydrogen to form ethylene;
thus: C,H,+ H, = C,H,. It also unites with cer-
tain metals, such as copper or silver, yielding explo-
sive compounds of considerable interest. It burns
witha blue flame. All the hydrocarbons burn more
or less readily, and all form upon complete combus-
tion only carbonic acid and water. For example:

CH; 4 O, = CO,; + 2H;0.
CsH, -+ Os = 2CO, + 2H-0.
CsHs + Os = 2CO; + H,0.

By the imperfect combustion of hydrocarbons, acety-

lene is often produced; for example, when a candle
burns with a smoky flame its peculiar odor may be
detected.

Ordinary illuminating gas, distilled from coal, is
essentially a mixture, more or less impure, of hydro-
gen, carbon monoxide, methane, and ethylene. Its
production on a small scale may be illustrated by an
easy experiment.

EXPERIMENT 38.—Fill the bowl of a common
clay tobacco-pipe with powdered soft coal, and cover
the latter tightly with a plug of clay. Heat the
bowl to redness over a Bursen gas-flame or between
the bars of a grate. Gas will issue from the stem,
where it may be ignited.

In manufacturing gas on a large scale, bitumi-
nous or cannel coal is heated in retorts of fire-clay or
fire-brick which hold from one to two hundred pounds
at a time. Several retorts are heated at once overa
single fire, and the products of distillation pass out
into a series of pipes in which water, coal-tar, am-
monia, etc., are deposited. The tar and ammonia,
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being valuable, are thus saved. Twenty-five years
ago the tar was worthless; now it serves as a source
of benzene, and of the superb aniline dyes. The
gas itself still contains a number of objectionable im-
purities, which are removed by passing it over some
absorbent substance, such as slaked lime.* Differ-
ent samples of gas differ widely in composition; the
differences depending upon the quality of the coal
employed, the degree of heat applied to the retorts,
and soon. In percentages, the following figures may
represent a fair average :

Hydrogen, 50
Methane, 35
Carbon monoxide, 7
Ethylene, 3
Several impurities, 5

100

In Germany, gas is sometimes distilled from
wood ; and in our own country there are processes
in use which generate hydrogen from steam and
charge it with vapors from petroleum. The latter
give its flame illuminating power. In ordinary gas
the illuminating value depends mainly upon the
ethylene which it contains.

If we study a gas-flame closely we shall find that
its structure illustrates some important facts relat-
ing to the mechanism of combustion. In a common
burner the gas issues from a fine jet, and is ignited
in contact with a moderate amount of air (Fig. 21).
Near the jet we have a stream of gas not yet burned;
and here the flame is comparatively cool and non-

* A good account of the manufacture and purification of coal-gas is

given in Roscoe and Schorlemmer’s ‘‘ Treatise on Chemistry,” vol. i,
pp- 683-704.
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luminous. Insert a piece of slender glass tubing at
this part of the flame, and the unburned gas may be

drawn off and kindled at the farther end (Fig. 22).
Above, and somewhat around this darker base, we
have the luminous portion of the flame; and here
the light is partially due to imperfect combustion.
Hold a piece of cold porcelain over the jet for a
moment, and soot (that is, carbon) will be deposited
upon it. It is these so/id particles in the flame which
become heated and luminous, and they result from
the partial combustion of ethylene and some of its
related hydrocarbons. Methane yields no free car-
bon under like circumstances, and of course hydro-
gen does not; hence their flames, containing only
gaseous matter, are non-luminous.* If we do any-

* In Experiment 7 the luminosity of a hot solid in a hydrogen-flame
was illustrated.
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thing to cut off the supply of air from a flame, it will
become fuller of carbon-particles and more smoky ;
a fact which may easily be verified by sliding a piece

N

Fi1c. 22.—Withdrawal of Gas from a Flame-centre.

of sheet-iron or other convenient solid over the top
of a gas or kerosene lamp-chimney. As the air is

F16. 23.~Bunsen Burner.
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gradually excluded, smoke and soot will form copi-
ously. Conversely, if we render combustion more
perfect, and so prevent the deposition of carbon, a
flame will become hotter but less brilliant. This is
done in the Bunsen burner (Fig. 23), in which air is
allowed to enter at the base and become thoroughly
mixed with the gas before the latter is lighted. The
flame here emits very little light; but if the holes at
the base are stopped up, then it becomes luminous
as usual. The Bunsen burner is the most conven-
ient source of heat for the minor operations of the
laboratory. Where gas can not be had, an alcohol
lamp is commonly used instead. Such a lamp is
easily improvised by perforating the cork of a small,
wide-mouthed bottle, and inserting through the per-
foration a glass tube carrying a wick (Fig. 24).

F1G. 24.—Improvised Spirit Lamp,

In the mouth blow-pipe we have another illustra-
tion of the foregoing principles. By the aid of this
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little instrument air is blown from the cheeks into a
flame, and the latter is rendered much hotter (Fig.
25). Here, again, the flame may be divided into
two chief parts; an inner blue cone and an outer

F16. 25.—Use of Blow-pipe.

portion. The greatest heat is at the apex of the in-
ner flame. A bit of tin or zinc, heated in the outer
part of the jet, is first melted and then converted
into oxide; hence the name of oxidizing flame. On
the other hand, the oxide so formed, if heated in the
inner cone, will be reduced to the metal again, giv-
ing up its oxygen to assist in the burning of the car-
bonaceous matter there found. This part of the jet,
therefore, is called the reducing flame. Both parts
of the flame are important agents in blow-pipe analy-
sis; and a little practice in heating bits of copper,
tin, zinc, lead, etc., supported on pieces of charcoal,
first in one and then in the other, will make the re-
lations of the two very clear. The stream of air
from the blow-pipe should be made as steady as pos-
sible; and one can easily learn to blow lightly from
the muscles of the cheeks for several minutes at a
time without interrupting respiration. The flame
5
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of a lamp burning some animal or vegetable oil (lard,
whale, or rape-seed oil, for examples), is best for blow-
pipe work; but alcohol or gas may be used. Kero-
sene is unavailable, because the chimney interferes.

In a strictly scientific sense a candle-flame is as
truly a gasflame as any that issues from the tip
of a gas-burner. The wick, loosely made of cotton
threads, is first kindled ; and the heat thus gener-
ated melts a small quantity of the fat, wax, or paraf-
fine of which the candle is constructed. The liquid
oil thus produced is drawn up into the wick by
capillary attraction; it is decomposed by the heat,
and the gaseous products of decomposition then
burn, depositing particles of carbon which become
luminous. These may be collected as soot; and by
means of a glass tube the gas from the center of the
flame can be drawn off and ignited. If a sheet of
clean white cardboard be suddenly pressed down
upon a candleflame and then withdrawn, it will be
found scorched in a ring, thus showing that at the
center of the flame there was no active combustion.

When bituminous coal is burned in a furnace,
the laws of combustion should be carefully consid-
ered. A smoky chimney always means imperfect
combustion and waste of carbon; and smoke-pre-
venting appliances, the so-called ‘smoke-consum-
ers,” are getting to be more and more used in cities
where soft coal is the chief fuel. Many such appli-
ances have been patented, but all aim at the same
result—namely, to bring about perfect combustion.
Sometimes, fine jets of steam are blown into the
furnace. These are decomposed at first, yielding
oxygen and hydrogen, which serve to make the fire
more intense. In other cases the coal is applied in



CARBON. - 89

such a way that the smoke from the fresh portions
of fuel is conducted over glowing beds of coke, the
latter being merely the earlier charges from which
the sooty hydrocarbons have been burned away.
In some metallurgical furnances the fuel is rendered
gaseous at the start, and the gases are then burned
with abundance of air. Such furnaces give great
heat and waste little or no fuel.

For every combustible substance there is a defi-
nite temperature below which it will not ignite. If
a flame be cooled below the ignition.
point of the gas which forms it, it will
go out. Press a piece of wire gauze
down upon a gas-flame, and the latter
will be flattened ; it can not penetrate
the metallic net-work. The gas itself
passes through, but the wire has con-
ducted so much heat away from it that
combustion is no longer possible. . You
can hold the gauze over a jet of gas
and kindle the latter above, but the
flame can not then descend to the burn-
er. Or, you may hold two pieces of
gauze parallel to each other over a Fic. 26.—Da-
stream of gas, and produce a flame be- ‘I'Jy;;Pnsafety'
tween them which shall be unable to
pass either above or below. These facts find their
application in the safety-lamp of Sir Humphry
Davy (Fig. 26). This, which was invented for the
protection of coal-miners against fire-damp, is mere-
ly a lamp inclosed in a netting of fine-wire gauze.
This inclosure .may be filled with flame, but the
latter can not penetrate its prison-walls and ignite
the explosive gaseous mixture without.




CHAPTER X.
CARBON—(continued).

CARBON unites with oxygen in two proportions,
forming a monoxide, CO, and a dioxide, CO,.

Carbon monoxide, more commonly known as
carbonic oxide, is a colorless, odorless gas which
burns with a blue flame. It is not produced by the
direct union of its elements; for when carbon, either
as diamond, graphite, or charcoal, is burned, only
carbon dioxide is formed. By passing the latter,
however, over red-hot coals, half of its oxygen may
be withdrawn, and carbon monoxide results from
the change:

CO, 4+ C =2CO0.

This often happens in coal-stoves and furnaces, es-
pecially in the blast-furnace; carbon dioxide being
produced by the combustion of the lowest layer of
fuel, and rising through the glowing coals above.
The blue flames which play over the surface of an
anthracite-fire are due to carbon monoxide, and the
product of the combustion is CO,:

CO + O = COa..

Carbon monoxide may be artificially prepared
by various processes; but most conveniently by
heating either crystallized oxalic acid or potassium
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ferrocyanide with strong sulphuric acid. By the
reaction which ensues, both oxides of carbon are
formed ; but, by passing the mixed gases through a
solution of caustic potash, the dioxide may be ab-
sorbed, leaving the monoxide pure.

The preparation of carbon monoxide should be
undertaken only with extreme care, because the gas
is dangerously poisonous. A trace of it in the air
we breathe will produce headache and dizziness,
and anything over one percent admixture might
prove fatal. It sometimes escapes from badly-con-
structed stoves into improperly-ventilated rooms,
and causes serious annoyance. Cheap cast-iron
stoves are especially liable to work this kind of
mischief, and deaths have resulted from the careless
use of such stoves in close sleeping-apartments.
All illuminating gas made from coal contains car-
bon monoxide as one of its ingredients.

The other oxide of carbon, carbon dioxide, is
met with under a great variety of conditions. We
find it ever present in the atmosphere; it is always
produced when carbon or compounds of carbon are
burned ; we exhale it from our lungs; it is evolved
from decaying animal and vegetable matter; and
we recognize it among the products of fermenta-
tion.

EXPERIMENT 39.—Cover the bottom of a glass
jar with lime-water,* and suspend over it a burning
bit of candle. Close the jar, and the candle will
soon burn itself out. Now shake vigorously, and
the lime-water will become milky. Upon standing,

* Prepared by stirring powdered lime into water, leaving the mix-
ture to stand for at least an hour, and then filtering. The solution
should be perfectly clear.
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the milkiness will be deposited as a white sediment.
This sediment is calcium carbonate (carbonate of
lime), and its formation proves the presence of car-
bon dioxide in the air of the jar. A piece of wood
or charcoal burned in place of the candle will give
the same result.

EXPERIMENT 40.—Pour some lime-water into a
tumbler, and through a piece of glass tubing blow
air into the liquid for several minutes from the
lungs. The lime-water will become milky, showing
that carbon dioxide has been exhaled.

EXPERIMENT 41.—Mix in any convenient vessel
some very sweet molasses-and-water with a little
yeast. Fill a test-tube with the mixture, invert it in
the liquid, and let the whole stand in a warm place
overnight. Fermentation will occur, and bubbles of
carbon dioxide will rise into the tube. Close the
mouth of the latter with the thumb, remove it from
the vessel, and shake up its gaseous contents with
lime-water.

EXPERIMENT 42.—In the same flask and appa-
ratus which previously served for the preparation
of hydrogen, put some fragments of chalk, lime-
stone, or marble, and pour over them a quantity of
dilute hydrochloric or sulphuric acid. Gas will be
given off with brisk effervescence; and by passing
a few bubbles of it into lime-water it may be identi-
fied as carbon dioxide. Collect the remainder of
the gas as usual in bottles or jars over the water-pan.

The last experiment illustrates the only method
by which carbon dioxide is practically prepared
for use in the laboratory, The limestone, chalk, or
marble is calcium carbonate, CaCOy; and the reac-
tion, when sulphuric acid is used, is as follows:
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CaCO; + H,SO, = CaS04 + Hi0 + COa.

That is, calcium carbonate, treated with sulphuric
acid, yields calcium sulphate, carbon dioxide, and
water. Any other carbonate will give a similar re-
action with any strong acid, and carbon dioxide will
be evolved in the same way. For example, pour
vinegar (acetic acid) over common saleratus (a car-
bonate of sodium), and note the effervescence. As
the name indicates, a carbonate is a salt formed by
carbonic acid with a base. Since carbonic acid is a
very weak acid, any stronger acid can expel it from
its salts, as in the foregoing reactions. When free,
its formula should be HyCO;, but it is incapable of
existing independently, and therefore splits up at
the moment of its liberation into carbon dioxide
and water, CO, + H,O. Many carbonates are easily
decomposed by heat; for instanee, lime, which is
calcium oxide, is made by burning limestone in"a
kiln, when carbon dioxide is evolved freely :

CaCO; = Ca0 + COa..

The lime and carbon dioxide thus separated- can be
made to unite again only through the intervention
of water; the necessary reaction being one which
we have already observed in several experiments.
Filter off some of the sediment formed by carbon
dioxide in lime-water, and test it with a drop of any
common acid. It will effervesce, thereby revealing
its character as a carbonate. Carbon dioxide is fre-
quently miscalled carbonic acid ; indeed, ‘ carbonic-
acid gas” is the commonest of its names.

Carbon dioxide is a colorless, odorless gas, which
by cold and pressure may be easily condensed to a
liquid. When the latter is allowed to escape from
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a fine jet a part of it evaporates instantaneously,
absorbing enough heat from the remainder to freeze
it into a white, crystalline solid, like snow. The
temperature of this solid is about — 78° C,, and if
it be pressed between the fingers it produces a pain-
ful blister, and sensations like a burn.

Carbon dioxide dissolves to a considerable ex-
tent in water, especially under pressure. Some
natural waters, from so-called mineral springs, are
heavily charged with it, and effervesce upon expos-
ure to the air. The Saratoga and Seltzer waters
are good examples. Soda-water is merely water
artificially charged with carbon dioxide; and to the
same gas champagne owes its sparkle and beer its
foam. By standing in the open air these drinks
soon lose their gas, and become flat and valueless.

In the chemistry of cooking, carbon dioxide plays
an important part. As evolved by yeast it makes
bread light and porous; and the same end is at-
tained less wholesomely and perfectly by the aid
of saleratus and baking-powders. All the latter
preparations owe their value to the carbon diox-
ide which they are capable of developing; and all
leave residues behind which render bread inferior
in quality.

Like nitrogen, carbon dioxide is incapable of
sustaining either combustion or life. It is not in
any sense poisonous, like the monoxide—it is sim-
ply inert. We throw it off from our lungs, and re-
place it with fresh oxygen; it is no longer fit for
breathing. :

EXPERIMENT 43.—Lower a lighted candle into
a jar of carbon dioxide. The flame will at once
be extinguished. Chemical fire-engines are simply
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machines which generate carbon dioxide, and throw
it, mixed with water, upon fires.

Carbon dioxide sometimes accumulates in old
wells, vaults, and cisterns, and in the great vats of
breweries; and the workman who descends into
such a place to clean it out may in consequence be
suffocated. Many fatal accidents of this kind have
happened ; so that it is always best, before entering
a place where carbon dioxide may be, to lower into
it a lighted candle. If the latter burns, the air is
fit to breathe; if it goes out, then let the place
be thoroughly ventilated. The gas also collects at
times in unused galleries of coal-mines, where it is
known to the miners as choke-damp. Insome places
it issues in quantity from crevices in the earth, as at
the Grotto del Cane* in Italy. Here it forms a
layer on the bottom of a small cave; a man, enter-
ing, has his head above the level of the gas, and
does not notice it; but a dog, carried in by the
guide, when placed upon the floor, is immediately
overcome. :

The fact that carbon dioxide is about half as
heavy again as air may easily be illustrated by ex-
periment.

EXPERIMENT 44.—Slowly invert a jar of the gas
a short distance above the flame of a candle. The
latter will go out, showing that carbon dioxide de-
scends. So, also, we may pour the gas from one
vessel to another, almost as if it were a liquid.

EXPERIMENT 45.—Put two glass jars in the pans
of a pair of scales, and balance them nicely against
each other. Pour carbon dioxide into one of the
jars and the latter will sink, having become the

* Grotto of the Dog.
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heavier (Fig. 27). The actual density of the gas, re-
ferred to hydrogen as unity, is 22; that of carbon
monoxide is 14.

In its relations to the atmosphere, and through

F16. 27.—Weighing Carbon Dioxide.

the atmosphere to life, carbon dioxide is a substance
of the greatest importance. Were its proportions
to be but moderately increased, all animals would
die; were it wholly withdrawn, vegetable life would
perish. Fortunately, its quantity in the atmosphere
varies but little, in spite of the fact that every fire
and every breathing animal withdraws oxygen from
the air and replaces it with carbon dioxide. How
is the balance preserved ? : '
In organized life we have a steady circulation
of carbon. Directly or indirectly, all animals de-
pend upon vegetable food, the carbon of which
becomes a part of the animal tissues. These un-
dergo, through the medium of the lungs, a sort of
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slow combustion, whereby the animal heat is kept
up, and in consequence of which the carbon is con-
verted into carbon dioxide and thrown off into the
outer air. Now comes into play one of the most re-
markable functions of plant.life: the plant which
furnishes the animal with food, in turn seizes upon
the carbon dioxide which the latter has rejected,
and reconverts its carbon into vegetable tissue.
The leaf, in presence of sunlight, decomposes car-
bon dioxide, retaining its carbon and setting the
oxygen free. Without the help of the sunbeam
this work could not be done; during the night the
leaves rest from their labors. In the manner thus
briefly outlined, the plant and the animal balance
each other in Nature, and help to keep even the
proportion of carbon dioxide in the air.

With nitrogen, carbon forms one compound—a
colorless gas, having an odor suggestive of peach-
kernels, and burning with a beautiful purple flame.
Its formula is C,N,; and its name, cyanogen, is de-
rived from two Greek words which indicate that it
forms some compounds which are blue. Prussian
blue is one of them. It unites with metals just as if
it were an element, forming salts which are known
as cyanides. Compounds which thus behave like ele-
ments are not infrequent, and are called compound
radicles. In the present case the true compound
radicle, however, is the half of C,N,, or CN, which
does not exist in the free state, but only in cyanides,
such as potassium cyanide, KCN, and so on. Some-
times the CN group is represented by an abbre-
viated symbol, Cy; and on this plan free cyanogen
would be written Cy,. Hydrocyanic acid, popu-
larly called prussic acid, has the formula HCN. It






CHAPTER XI.
COMBINATION BY VOLUME.

WE have already noticed the fact that the num-
bers 14, 16, 35.5, 80, and 127 represent not only the
atomic weights of N, O, Cl, Br, and I respectively,
but also the relative weights of equal volumes of
these elements, in the condition of gas or vapor,
compared with hydrogen as unity. In general, with
a very few exceptions to be noted hereafter, the
atomic weight of an element expresses also its vapor
density.

In carbon, however, we meet with an element
which does not readily vaporize, so that we can not
directly test the accuracy of the foregoing statement
with regard to it. Its atomic weight being 12, its
vapor should be just twelve times heavier than hy-
drogen; but whether it is or not we are unable to
experimentally determine. We may, nevertheless,
study some of the gaseous compounds of carbon, and
see whether they can shed any light on the subject.
Or, in more general terms, we may try to discover
whether any simple relation connects the density of
a compound gas with the densities of the gaseous
elements contained in it.

If we refer back to the chapter upon atomic
weights, we shall see that the elementary gases hy-
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drogen, oxygen, and nitrogen, combine by volume
in very simple ratios. A few of these may well be
reconsidered here, with the addition of figures show-
ing the volumes of the resulting compounds in the
state of gases or vapors:

2 vols. H with 1 vol. O, in all 3 vols., form 2 vols. H,O.

3 [ H 6« I ““ N’ (T 4 ““ “ 2 “ NHa'
2 N “« ) O’ ] 3 @ “«© 2 ¢« NQO.
2 « N “« 3 6 O’ €« ¢ 5 & 6 2 « NZOE.

In short, in each of these cases, the elements
unite with condensation, and #z0 volumes of a com-
pound result. So also with nitric acid, HNOQO, in
which five volumes of H, N, and O condense to zwo
volumes of the compound vapor. In hydrochloric
acid, HCI, a substance to be described in a future
chapter, we have an example of a simpler kind.
One volume of H unites with one volume of Cl
without condensation, and here again zwe volumes of
the compound gas, HCI, are formed.

From these data, or rather from the fwo-voluime
Jaw in general, we can easily calculate the density of
any compound gas. For example, steam is formed
by the union of two unit volumes of hydrogen,
weighing two combining units, with one volume of
oxygen which weighs sixteen. The resulting two
volumes of course weigh eighteen units, and one
volume weighs half as much, or is nine times heavier
than hydrogen. Hence we may say that /e density
of a compound gas or vapor, compared with hydrogen as
unity, is half its molecular weight* Thus—

* To find the density referred to @i as unity, divide the values
given according to this rule, by 14.43. Why?
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HCL. Mol. weight, 1 + 35.5 = 36.5. Density, 18.75.

H,O0. « “ 2416 =18. “ 9.
HsN., « “ 3414 =17, u 8.5,
N:O. « “ 28 + 16 = 44. 2%
N20s. “ 28 + 48 =76. “ 38,
HNOs. « “ 14 14+ 48 = 63. “ 315

We may now apply this rule to the carbon com-
pounds, assuming the density of carbon vapor to be
12, and see whether the results obtained are correct :

CH,. Mol. WEIght 12 + 4 =16. Density, 8.

(&5l na 1 24+ 4=28. LCRE S 7. %
CaHa, “ 24 + 2=26. AN G
CO. 24 “ 12 4+ 16 = 28. ST
CO,;.  « “ 12 4 32 = 44. 20"
CaN,,  « “ 24+ 28 =352, R N208

These densities exactly agree with the results which
have been reached by direct experiment. Hence
we may conclude that just as 16 represents the den-
sity of oxygen, so also 12 stands for the density of
carbon in its gaseous compounds; and the more we
study the latter the stronger the evidence will be-
come. In a similar way we can investigate the
volatile compounds of other non-volatile elements,
and prove that the two-volume law above indicated
is of universal application. The seeming exceptions
to it will be explained in another chapter.

Among the carbon compounds cited above are
three which deserve further consideration at this
point. Each of the formule CH,, C,H,, and C,N,
is capable of being halved, and the simpler formulae
CH,, CH, and CN will represent just as well the
composition of these substances by weight. CH,
indicates precisely the same ratio between C and H
as the more complex formula C;H,; why, then,



loz i INORGANIC: CHEMISTRY.

should we not by preference adopt it? Simply be-
cause the density of the gas, doubled, gives us its
molecular weight, and the latter agrees only with
the higher formula. So also with the other cases.
C;H, is one of a series of hydrocarbons—C,H,,
CsH,, C,H;, C;Hyy, etc.—in which the relative pro-
portions of hydrogen and carbon do not vary. But
in vapor density these substances differ widely, and
from it, as well as from other evidence to be con-
sidered under organic chemistry, we deduce the
formula given above. In short, the same kinds of
atoms may combine in the same relative proportions
so as to form many different molecular groups or
compounds having different vapor density. If by
experiment we ascertain the latter, we are able in
any given case to assign a correct molecular weight,
and from that to draw conclusions as to the proper
formula.

Two of the oxides of nitrogen will illustrate the
application of these principles still further. In a
previous chapter we gave them provisionally the
formulee N,O, and N;O, so as to bring out more
clearly the law of multiple proportions. Properly,
however, these particular compounds should be rep-
resented by the formulee NO and NO, respectively.
If the formula of the first were N,O,, its density
would be 30; whereas experiment shows it to be
only 15. Accordingly, we halve the formula, and so
get at the true molecular weight. So also with the
other oxide.

The more we study the properties of gases, the
more we shall be impressed with the simplicity of
the laws which govern them. They expand equally
by heat, and are affected equally by pressure; and
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between the molecular weight and the density we
have just recognized a very close relation. All
these regularities, with others which fall without
the scope of this book, suggest a general law for
gases, and such a law was announced by the Italian
physicist, Avogadro, in 1811. It may be stated as
follows::

Equal volumes of gases, compared under identical
conditions of temperature and pressure, contain equal
numbers of molecules.

This law may be deduced both from chemical
and physical evidence, and has strong mathematical
foundations ; accordingly, it is accepted by chemists
and physicists alike. We, however, need to con-
sider it only in its chemical bearings, and in addi-
tion to what has already been said, especially with
regard to the difference between atoms and mole-
cules. " '

So far, our standards of comparison have been
the atom of hydrogen for atomic and molecular
weights, and the unit volume of hydrogen for vol-
umes. Using these standards, we have found that
for all the elementary gases so far studied, density
and atomic weight have both been represented by
the same number; which shows that equal volumes
of H, N, O, etc., contain equal numbers of atoms. For,
if an atom of O is sixteen times heavier than an atom
of H, and a litre of O sixteen times heavier than a
litre of H, then the litre of O and the litre of H must
contain precisely the same number of atoms. With
compound gases, on the other hand, a different re-
lation holds; and, as we have seen, the molecular
weight is not equal to, but double, density. The
reason for this difference is, that we have been com-
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paring molecules with atoms; whereas, in order
to verify Avogadro’s law, we should compare mol-
ecules only with each other.

If, now, we assume that the molecule of hydro-
gen consists of two atoms, with a molecular weight
of two, and represent in a like manner the molecules
of the other elements by OO, NN, Cl,, Br, I,, etc.,
we shall find that both elements and ‘compounds
will come simply and regularly under Avogadro’s
law. Then, for every gas or vapor, elementary or
compound, the density will be one half the molecu-
lar weight; a ratio which is due to the fact that the
half-molecule, or atom of hydrogen, is taken as our
standard of comparison.

But the molecule of an element is not necessarily
a double atom. The density of ordinary oxygen, for
example, is 16; while that of allotropic oxygen, or
ozone, is half as heavy again, or 24. We have here
two different molecular groups formed by the same
kind of atom; and if the molecule of oxygen is O,,
then the molecule of ozone must be O, with a mo-
lecular weight of 48. With mercury and cadmium,
the vapor density is half the atomic weight; hence
the latter is identical with the molecular weight,
and the single atom and the molecule are the same.
Phosphorus and arsenic, on the other hand, form
vapors twice as heavy as their atomic weights
would indicate, and their molecules therefore contain
four atoms. These points will be considered more
fully when we come to describe these elements.*

* Fuller discussion of the points brought forward in this chapter
may be found in Cooke’s “Chemical Philosophy,” Cooke’s “ New
Chemistry,” Wurtz's “ Atomic Theory,” or Remsen’s * Theoretical
Chemistry.”



CHAPTER XIIL
VALENCY.

IF we examine the formule of many chemical
compounds, we shall at first be struck with the
great diversity of character among them ; but, upon
a closer inspection, certain remarkable regularities,
of great theoretical importance, will appear. Let
us begin with some of the compounds of hydrogen:

T 1I. III. 1v.
HF. H.O. H;N. JG (S
HCL H.S. H,P. H.,Si.
HBr. H,Se. H;As.

HI. H,Te. HaSb.

Here we have fifteen elements, which unite with
hydrogen in such manner as to fall into four well-
defined natural groups. These suggest the follow-
ing considerations:

Every elementary atom has a definite capacity
for uniting with other atoms, which we may call
its valency.t Let us again take hydrogen as our
standard of comparison, and assume its valency to
be unity. Then the elements in the first column of

* This particular hydrocarbon is given here because it contains a
higher proportion of hydrogen than any other.

t Also called by various writers “ valence,” * quantivalence,” or
‘“atomicity.”
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the table, which unite atom for atom with hydro-
gen, may be called wnivalent, those which take two
atoms of hydrogen é:ivalent, and those in the third
and fourth columns #rivalent and quadrivalent re-
spectively. The atoms themselves, with reference
to their valency, may be concisely termed sonads,
dyads, triads, and tetrads—these names being derived
from the Greek numerals. Later on we shall meet
with guinguivalent and sexivalent elements, whose
atoms arc called pentads and fiexads respectively.

The proportions in which atoms combine to-
gether depend upon valency. Thus, one monad
can unite with one monad, one dyad with two
monads, one triad with three monads, and one tet-
rad with four monads. This is shown in the fore-
going table, and also in the following formule.
The Roman numerals serve to indicate the valency
of the several elements :

K'CI', K'Br. Na'F'. Ag'T.
Cl'O". Ag,'O", Na,'S", KJ'S",
PUCI', As"'Cls Sb'*Bry'. Bi''l,'.
G EIGIN C"Bry. Si"F,. SivI4t

Again, one dyad unites with one dyad, two triads
with three dyads, and one tetrad with two dyads,
thus:

Callol(. Baﬂsﬂ' anloil. Hg.ﬂsll'
BQHIOSH. Nﬂ“‘Os". Sb’llisall' Biaiilsall’
C“Oﬂ"- civsqli. silvoaii. SiivSﬂ“.

In each of these cases the valencies of one element
exactly balance those of the other. Some of the
symbols used belong to metals which do not com-
bine with hydrogen, but of which the valency may
be determined with reference to univalent chlorine
or bivalent oxygen. Take, for example, some of
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the compounds of potassium, calcium, bismuth, and
tin :
KEClis Ca'Cla. Bi*'Cls'. SnClL.
K,O, Ca'o, Bi;"Os" SnO,".
In many cases valency may be made clearer to the
eye by a different use of symbols. For instance,
carbon unites with hydrogen and chlorine to form
the following series of compounds:

( H cl cl cl c
H H c c ca
e A O s & B L i ¥ =

H H H H a

Here we have the hydrogen-atoms successively re-
placed or substituted by chlorine-atoms, in such a
way as to show at a glance the equivalency of
these elements and the quadrivalency of the carbon.

Still another.method of representing valency
consists in attaching to the symbol of each element
the necessary number of dashes, thus:

H-, 0=, N, Cs, etc.; or thus:
1 [
H-, -0- -N- —-C- etc.
1

From these symbols we may derive a system of
structural formule, as they are called, of which the
following are good examples:

Free hydrogen, H-H, or Ha.
“ oxygen, 0O=0, or O,.
“ nitrogen, N=N, or Na.
Water, H-O-H. H H

] 1
Ammonia, H-N - H. Methane, H - (IZ -H.

Carbon dioxide, 0=C=0, Cyanogen, N=C-C=N,
Nitrogen monoxide, N=N.  Nitrogen trioxide, O= N+ o
TN O=N/" etc.
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In some cases we encounter formule in which
the conditions of valency are not satisfied. For in-
stance, in nitrogen dioxide, NO, we have

-N-=0,

and one of the valencies or donds of affinity of the
nitrogen-atom is uncombined. Such a compound
is called an wmsaturated compound, and it enters
into further union with other elements with very
great ease. Thus, from the compound just cited,
by combination with chlorine, we get a substance
having the formula C1-N=0, and in which we see
a triad united with a monad and a dyad in such
a way that the valencies exactly balance. It will
be seen at once that the molecules of free hydro-
gen, oxygen, and nitrogen are to be regarded as
saturated compounds, while the free atoms, if they
could exist separately, would be unsaturated. In
many chemical changes the elementary atoms are
probably set free, but immediately re-enter into
union with each other to form molecules.

In the case of cyanogen we meet with a group
of atoms which behaves like an element and is
called a compound radicle. The formula of the
gas is given above, and represents really two CN
groups united to C;N,. The CN group itself, the
true compound radicle, is univalent, thus:

N=C-
and therefore is capable of combining with elements
in much the same way as chlorine. For example:

Chlorine, C1-Cl. Cyanogen, CN - CN.
Hydrochloric acid, H-Cl.  Hydrocyanic acid, N=C- H.
Potassium chloride, K~Cl.  Potassium cyanide, K -CN, etc.
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Care must be taken not to misapprehend the
meaning of these “structural ” formulae. They are
not intended to represent the relative position of
the atoms in space, but merely to indicate to the
eye the chemical relations of the substances thus
symbolized. By their aid chemical reactions be-
come more easily intelligible, and in many cases
they help the chemist to predict the composition
and best mode of preparing compounds even in ad-
vance of actual discovery. The whole theory of
valency will become clearer when we study it in
the light of organic chemistry; and one more illus-
tration of it will suffice for the present chapter.

A brief reference was made in a previous chap-
ter to three important classes of compounds, acids,
bases, and salts. So far we have studied but two
important acids—namely, nitric acid, HNO,, and
carbonic acid, HyCO, These have the following
structural formulze :

o H-0
-O-N7 N
HON\(l) -0 C-0

In these formule we may regard the NOj; group
of atoms, which is found in all nitrates, as univa-
lent; while the CO; group, which characterizes the
carbonates, is bivalent, as the two hydrogen-atoms
united with it clearly show. Now, the salts of these
acids are really formed by replacing the hydrogen
by metals; and just here the laws of valency come
into play. Thus, with univalent metals, nitrates are
formed having formule like the subjoined:

H-NOs. K-NO.. Na -NOs. Ag—NO:.

With bivalent metals we get salts like these:
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NO
Pb(NOs)s, or Pb{ gg:. Ca(NOs)s, or Cal .-

And with a trivalent metal, like bismuth, we get—
Bi(NOs)s, or BiZNO, or BiN;O.

Since these salts are called respectively potassium,

sodium, silver, lead, calcium, and bismuth nitrates,

it is plain that the acid itself might fairly be named

hydrogen nitrate. That 1is, in acids, hydrogen,

which is an essential constituent of every acid, be-
haves chemically like a metal, and gives us an addi-
tional argument in favor of its metallic character.

These formula also show us that the nitrate of any

metal may be represented as resulting from the

combination of univalent NO; with the metal in a
proportion depending upon the valency of the lat-
ter. Hence, if we know the valency of a metal, we

can at once write the formula of its nitrate. _
- With carbonic acid similar rules hold good;

only the hydrogen may be either partly or wholly

replaced. Thus, we have:

HnCOs. KHCOs. K3COs. NaHCOs. NayCOs.
PbCOs, CaCOs, etc.

As we become acquainted with more acids, we
shall find like principles always to be applicable ;
and that a knowledge of valency will enable us to
write a vast number of formula which could not
possibly be remembered unless connected by some
such general law.



CHAPTER XIIIL
THE CHLORINE GROUP.

THE four univalent elements, fluorine, chlorine,
bromine, and iodine, are so similar in their chemi-
cal relations that they form an exceedingly definite
natural group. In their differences they exhibit a
remarkable gradation of properties, which follows
the order of their atomic weights. In the free state
fluorine is unknown, but chlorine is a greenish-yel-
low gas, bromine is a heavy, brownish-red liquid,
and iodine is a black solid which forms beautiful
purple vapors. With hydrogen, fluorine unites so
strongly that the two elements can not be directly
separated from each other; chlorine combines vig-
orously, bromine easily, and iodine only with diffi-
culty. In general, chlorine acts more energetically
upon other substances than bromine, while iodine is
the least active of all. As a rule, the compounds
of bromine have properties intermediate between
those of chlorine and iodine. These three elements
also resemble each other in odor.

FLUORINE is found in nature in various min-
erals, and minute quantities of its compounds also
occur in bones, milk, and blood. Its atomic weight
is 19, and its chief sources are the two minerals fluor-

spar and cryolite. The latter, which is brought in
6
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great quantities from Greenland, is a fluoride of
aluminum and sodium, 3NaF,AlF;; and is uszd in
making soda, alum, and porcelain glass. Just as
the compounds of oxygen with other elements are
called oxides, the compounds of fluorine are termed
fluorides. So, also, we have chlorides, bromides,
and iodides, formed by chlorine, bromine, and iodine
respectively. With hydrogen these elements form
acids, as follow :

Hydrogen fluoride, or hydrofluoric acid, HF.
@ chloride, “ hydrochloric “ HCI.
e bromide, “ hydrobromic *“ HBr.
“ iodide, “ hydriodic SR

So far, all attempts to isolate fluorine have been
unsuccessful. Its chemical activity seems to be so
great that the moment it is set free it combines at
once with whatever substances may happen to be
near it. It is also the only element which has not
yet been made to combine with oxygen.

The only fluorine compound sufficiently impor-
tant for description here is hydrofluoric acid. This
i1s usually prepared by treating calcium fluoride,
CaF,, commonly known as fluor-spar, with sulphu-
ric acid. Any other metallic fluoride would do,
but this one is the most abundant. The reaction is
as follows:

CaF; + H.SO; = CaSO; + 2HF.

The pure acid is a very volatile liquid, having
the most violently corrosive properties. A drop of
it on the skin will produce a painful ulcer which
may not heal for several weeks. Even the weaker
acid containing water, such as is commonly pre-
pared, has to be handled with extreme care.
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Hydrofluoric acid is chiefly remarkable for its
power of attacking glass, which may be shown by
the following experiment:

EXPERIMENT 46.—Cover a sheet of glass with
wax, and cut a design through the wax with the
point of a needle. Make a small dish or tray out
of a piece of sheet-lead, and in it mix some pow-
dered fluor-spar to a paste with strong sulphuric
acid. Place the prepared glass over this dish, face
downward, and warm gently. Wherever the wax
has been scratched away, the glass will be corroded.

This process is practically used for etching de-
signs upon glass, for marking the graduation upon
the stems of thermometers, and so on. The com-
mercial acid contains much water, and is preserved
in bottles made of gutta-percha.

CHLORINE, the atomic weight of which is 3s.5,
is by far the most important element of this group.
It is found in nature in many compounds, the most
abundant one being sodium chloride, NaCl, or com-
mon salt. This is the chemist’s starting-point for
the preparation of chlorine and of all its other com-
pounds.

EXPERIMENT 47.—In a large flask provided with
a delivery-tube mix one part of common salt, one of
manganese dioxide, two of sulphuric acid, and two
of water. Upon heating gently, chlorine gas will be
evolved in a continuous stream, and may be col-
lected by displacement (Fig. 28). It can not conve-
niently be collected over water or mercury, since it
is quite soluble in the one and it corrodes the other.

In this experiment two different reactions take
place. First, the sulphuric acid attacks the sodium
chloride, forming sodium sulphate and setting hy-
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drochloric acid free. The latter then reacts upon
the manganese dioxide, giving up its hydrogen to

!Fi@ilmﬂilllﬂlll %“ f;liitg,lmmm lail “m““

FI1G. 28.—Preparation of Chlorine.

unite with the oxygen of the latter, and so liberat-
ing the chlorine. The whole change is as follows:

2NaCl + 2 HaSO4.+ MnO; = Cl; 4+ Na,SO, 4+ MnSO, + 2HJ0.

A simpler but no better mode of preparation, in-
volving the same apparatus, consists in treating the
manganese dioxide directly with common hydro-
chloric acid. The reaction then is—

MnO, + 4 HCl = MnC]a + Cla + 2 H.O.

In either equation we have two atoms—that is, one
molecule—of chlorine set free. There are still other
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processes for the manufacture of chlorine which are
used on a large commercial scale, but they need no
extended notice here.*

Chlorine was discovered by Scheele in 1774.
It is a greenish-yellow gas, two and a half times
heavier than air, and having a highly irritating
odor. Even a trace of it, if inhaled, will produce a
painful sense of suffocation. By cold and pressure
it may be condensed to a heavy yellow liquid, but
it has not yet been solidified.

Cold water absorbs about two and a half times
its bulk of chlorine. The solution, which is known
in the laboratory as chlorine-water, is yellowish, and
smells strongly of the gas. It is a useful substance
in some of the processes of chemical analysis, but it
must be kept in the dark, or in a bottle covered
with black paper. Exposed to the light, chlorine
decomposes water, withdrawing hydrogen to form
hydrochloric acid, and setting oxygen free.

EXPERIMENT 48.—Fill a small flask full of chlo-
rine-water, prepared by passing chlorine into water
as long as it dissolves, and invert it in a dish of the
same solution. Leave the liquid for some time ex-
posed to sunlight. Bubbles of oxygen will form,
and collect in the upper part of the flask (Fig. 29),
where they may easily be identified.

Chlorine unites vigorously with nearly all the
elements, and especially with the metals. A bit of
phosphorus, plunged into a jar of the gas, will spon-
taneously inflame; and powdered antimony or thin
copper-foil will also ignite readily.

EXPERIMENT 49.—Prepare some chlorine by

* A good outline of these processes is given in Wagner’s “ Chemi-
cal Technology.”
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either of the methods previously described, and dry
it by allowing it to pass through a tube containing

F16. 29.—Formation of Oxygen from Chlorine-water.

lumps of calcium chloride. Into a jar of this per-
fectly dry gas throw some powdered antimony.
The latter will burn brilliantly, filling the jar with
dense fumes. Dip into another portion of the
chlorine a piece of paper moistened with warm
turpentine. This also will ignite and burn with
a sooty flame. Into a third jar of the gas plunge
a lighted candle. It will continue to burn with a
reddish flame, emitting dense clouds of smoke.
Combustion, then, although commonly due to ox-
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idation, is not always so. It is simply a phenom-
enon of violent chemical action, and may be pro-
duced by union either with oxygen or other ele-
ments.

Although chlorine has a considerable number of
uses in the arts, its chief practical importance is due
to its property of bleaching vegetable colors. This
is easily illustrated :

EXPERIMENT 50.—Dip some slips of htmus-paper
some bits of bright calico, and some highly-colored
flowers into chlorine-water. They will be bleached.
Add chlorine-water to a solution of indigo, and the
latter will be decolorized. Characters written in
ordinary ink may be obliterated by exposure to
chlorine; but printer’s ink, whlch consists of car-
bon, is not affected. :

Chlorine is also a vigorous disinfectant. This
property, and its value as a bleaching agent, both
depend upon its strong affinity for hydrogen, which
is partly illustrated in Experiment 48. The igni-
tion of turpentine and the burning of a candle in
chlorine are also due to the active union of this
element with the hydrogen which they contain. In
most cases chlorine is applied for bleaching or dis-
infecting purposes in presence of moisture. The
latter gives up its hydrogen, and the oxygen thus
set free acts with especial vigor, at the moment of
its liberation, upon the coloring-matter or putres-
cent substance which is to be destroyed. Chlorine,
therefore, may be regarded as indirectly an oxidiz-
ing agent; although in some cases it acts destruc-
tively upon obnoxious compounds by withdraw-
ing hydrogen and so breaking up their molecules.
These uses of chlorine will be considered further
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on, when we study the properties of bleaching-
powder.

With hydrogen, chlorine forms but a single

compound, hydrochloric acid, HCl; and some of
the circumstances under which it is produced have
been already described.

When equal volumes of hydrogen and chlorine
are mixed together in the dark, they will remain
without action upon each other for an indefinitely
long time. If the jar or bottle containing them be
exposed to ordinary diffused daylight, they will
slowly and quietly combine; but if they are sud-
denly brought from darkness into the full glare of
the sun, they will unite instantaneously with ex-
plosive violence. This may be experimentally veri-
fied by filling a flask in the dark with the gaseous
mixture, wrapping it in a cloth, and then in strong
sunlight pulling away the cloth by means of a long
string. The flask will be shattered by the explo-
sion which ensues. Light is frequently instrument-
al in bringing about chemical changes. In this
case it produces chemical union; on the photo-
graphic plate it causes decomposition ; and the fad-
ing of colored fabrics in sunlight also illustrates the
same thing. Some of these matters will be further
discussed in other connections.

EXPERIMENT 51.—An additional example of the
direct union of hydrogen and chlorine is furnished
by the combustion of the former ‘gas in the latter.
The apparatus may be arranged as in Fig. 30, hy-
drogen being generated in the flask in the usual
way, while the jet dips into a cylinder or jar con-
taining the chlorine. The hydrogen-flame should
be first kindled in the air, with the ordinary precau-
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tions (see Experiment 7), and then lowered into the
chlorine.

For practical purposes, however, hydrochloric
acid is prepared by a wholly different method.

EXPERIMENT 52.—In a glass flask provided with
a delivery-tube heat some perfectly dry common
salt with about twice its weight of strong sulphuric
acid. Hydrochloric acid will be evolved with much
effervescence, and may be collected over mercury.
If an aqueous solution of the gas is wanted, the de-
livery-tube may dip into a jar of water. As the
experiment is conducted in the school-room, the re-
action is as follows :

NaCl + H2SOs = NaHSO, + HCL

In making the acid on a commercial scale, a higher
temperature is applied, and only half as much sul-
phuric acid is taken. The reaction then is:

2NaCl 4 H.SO, = Na,SO, + 2HCl.
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When we study sulphuric acid and the sulphates,
the full significance of these equations will ap-
pear.

Hydrochloric acid is a colorless gas of pungent
odor, and density 18.75. In it the two component
gases are united without condensation. It dis-
solves very frecely in water, and the commercial
hydrochloric or muriatic acid is merely its strong
aqueous solution. This solution emits acrid, suf-
focating fumes, and should be as colorless as
water; the common acid, however, is bright yel-
low, in consequence of impurities. It contains
from thirty to forty per cent of the gaseous
acid.

Hydrochloric acid is one of the strongest and
most important of acids. It is used extensively in
the manufacture of chlorine, and for a great variety
of other purposes. It dissolves many of the metals,
such as tin, zinc, and iron—hydrogen being evolved,
and the chlorides of the metals being formed:

Zn + 2HCl = ZnCl; + H,.
Fe 4+ 2HCl = FeCl; + H..

In these reactions the metals replace the hydrogen
of the acid, just as in the cases previously noticed;
only the salts formed are chlorides. In a similar
way hydrofluoric acid yields fluorides, hydrobromic
acid yields bromides, and hydriodic acid yields
iodides. The student may advantageously test the
solvent properties of hydrochloric acid upon sev-
eral of the commoner metals. Some will be dis-
solved, and others not attacked at all; and the solu-
tions of the former may be made by evaporation to
deposit crystals of chlorides.
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Hydrochloric * and nitric acids mutually decom-
pose each other, with evolution of chlorine:

HNO; + 3HCI =2H,0 + NQCI + Cl.

The compound NOCI was referred to in a previous
chapter. It is an orange-colored gas of slight im-
portance. The mixture of acids is, however, very
important ; since, by virtue of the chlorine which it
liberates, it has the power of dissolving gold. No
single acid will do this; and so the alchemists gave
the mixture the name of agua regia, or royal water,
gold being considered the king of metals. It also
dissolves platinum.

EXPERIMENT 53.—In each of two test-tubes put
a bit of gold-leaf. Cover one with nitric and the
other with hydrochloric acid. Neither will be at-
tacked. Mix the contents of both test-tubes, and
warm gently. The gold will dissolve, forming a
yellow solution.

* When hydrochloric acid is spoken of, -the aqueous solution is
usually meant. The pure HCI is commonly specified as hydrochloric
acid gas.



CHAPTER XIV.
THE CHLORINE GROUP—(continued).

WiTH oxygen chlorine does not combine direct-
ly; but, by indirect processes, three oxides, Cl,0,
Cl,O4, and Cl,O,, have been obtained. They are all
gases of irritating odor and dangerously explosive
character. With hydrogen and oxygen chlorine
yields a remarkable series of acids, of which hydro-
chloric acid may fairly be considered the first mem-

ber:
HCl, Hydrochloric acid.

HCIO, Hypochlorous “
HCl0O,;, Chlorous <
HClOs, Chloric G
HClO4, Perchloric e

It will be observed that chlorous and chloric acids
resemble in formula nitrous and nitric acids, HNO,
and HNO; The prefix /Zppo, which we meet in
/eypochlorous acid, is often used to indicate com-
pounds which are relatively low in a series. For
example, Zyposulphurous and Zypophosphorous acids
contain less oxygen than sulphurous and phosphor-
ous acids respectively. The prefix pez, on the other
hand, as in perchloric acid, is expressive of higher
combination. Thus we have the terms peroxide,
perchloride, etc., applied to compounds more than
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ordinarily rich in oxygen or chlorine. These names
are somewhat arbitrary, and no definite rule gov-
erns them without exception.

Hypochlorous acid, HCIO, although unimpor-
tant by itself, forms some salts of the very highest
importance. When chlorine gas is passed into a
cold and dilute solution of caustic soda, it is copi-
ously absorbed, and a mixture of sodium chloride
and sodium hypochlorite, NaClO, is produced. The
latter compound has a peculiar, sickish odor, and is
used for disinfecting purposes. It forms the “ La-
barraque’s solution ” of the drug-stores. If chlorine
be passed over slaked lime, instead of into caustic
soda, a mixture of calcium chloride and calcium
hypochlorite results from the action, and this is the
well-known “chloride of lime,” or bleaching-powder
of commerce. The reaction which forms it is as
follows :

2CaH;0; + 2Cl; = 2H:0 + CaCl; + CaCl;0s:.

The last symbol in this equation may be written
Ca<8:8; and, when contrasted with H-O-Cl and
Na-0-Cl, it serves to illustrate the bivalency of cal-
cium.

Bleaching-powder is extensively used both for
bleaching and as a disinfectant. It has the peculiar
odor which is characteristic of all hypochlorites,
and it owes its efficiency in great measure to the
readiness with which it gives up its chlorine. In
short, it affords us a convenient means of storing
and transporting chlorine in an available form for
most of its practical applications. At the beginning
of this century all linen and cotton fabrics were
bleached by long exposure on the grass to the ac-
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tion of sunlight and moisture. To-day they are
bleached by chlorine, applied as a solution of cal-
cium hypochlorite; and in a few hours, in a small
area, more bleaching can be done than was formerly
accomplished in several months on many acres of
grass-land.

EXPERIMENT 54.—Shake up a quantity of “chlo-
ride of lime ” with about four times its bulk of water;
allow the mixture to settle thoroughly, and then
carefully pour off the clear solution. With this so-
lution repeat the bleaching experiments given under
the heading of Experiment 50. In each case, how-
ever, first moisten the object to be bleached with
very dilute sulphuric acid or with vinegar. Acids
serve to liberate chlorine from bleaching-powder.

Chlorous acid and the chlorites are wholly un-
important; but in chloric acid and its salts we meet
with compounds of considerable utility and interest.

EXPERIMENT 55.—Pass a stream of chlorine gas
into a weak and col/d solution of caustic potash. Po-
tassium /Jypocklorite, K~-O-Cl, will be formed, and
may be recognized by its odor and bleaching prop-
erties. Now repeat the experiment with a /ot and
strong solution of -the caustic potash. Potassium
chlorate will be produced, and will be deposited in
tabular crystals when the solution cools:

6KOH + 3Cls = KClOs + 5KCI 4+ 3H,0.

Chloric acid itself has never been prepared quite
free from water. In its most concentrated state it
is a colorless, sirupy, intensely sour liquid, resem-
bling nitric acid in many of its properties. It is so
powerful an oxidizing agent that when it is merely
dropped upon paper the latter will ignite.



THE CHLORINE GROUP. 125

The chlorates of potassium and sodium, KCIO,
and NaClOs, are compounds of commercial impor-
tance. Potassium chlorate is especially useful as a
source of oxygen in the manufacture of certain ex-
plosive mixtures, and as a medicinal agent. It is
one of the favorite remedies for sore-throat. We
have already met with it in Experiments 4 and 11,
but the following experiments may also be profitably
tried :

EXPERIMENT 56.-——Allow a drop of strong sul-
phuric acid to fall upon a crystal of potassium
chlorate. There will be violent action, and an ev-
olution of yellow, pungent fumes. The latter con-
sist of chlorine tetroxide, CLO, If too much
chlorate be used, an explosion may ensue; and if,
as in Experiment 4, the salt be mixed with sugar or
starch, the mass will take fire and burn brilliantly.
A mixture of potassium chlorate with sugar forms
a white gunpowder which, however, is too dan-
gerous for practical use.

EXPERIMENT 57.—Put a bit of phosphorus as
large as a pea at the bottom of a conical glass filled
with water. A test-tube will answer, but is not
quite so convenient. Throw in a few crystals of po-
tassium chlorate, enough to cover the phosphorus,
and then pour in a little strong sulphuric acid
through a thistle-tube (Fig. 31). The phosphorus
will presently catch fire, and burn vividly under
water. The oxygen necessary for its combustion
is, of course, supplied by the potassium chlorate.
This experiment illustrates the ease with which chlo-
rates give up their oxygen.

EXPERIMENT 58.—Rub vigorously together, in
a porcelain or iron mortar, a pinch of potassium
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chlorate and a pinch of sulphur. Explosions more
or less sharp will result from the friction. If a little
of the mixture be placed
on an anvil, or upon an
iron plate, and struck
with a hammer, the ex-
plosion will be almost
deafening. Care, there-
fore, should be taken not
to pulverize chlorates
with other substances,
although by themselves
they may be rubbed to
powder with safety. In
this experiment we see
that mechanical energy
may produce a vigorous
chemical action. All
these experiments illus-
F1G. 31.—Combustion of Phos-  trate the peculiarities of
pporus.inder Water. chlorates in general, and
not merely those of the potassium salt in particular.
We have already learned that the most conven-
ient mode of preparing oxygen is to heat potassium
chlorate ; the reaction being commonly written:

KCIO; = KCl 4 Oa.

In reality, the reaction is much more complicated,
and consists of two stages: First, part of the chlo-
rate is decomposed by the heat, a portion of its oxy-
gen being liberated, while the remainder goes to
effect a further oxidation of some of the original
salt. The equation is as follows:

2KClO; = KClO + KCI + Oq.
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In the second stage the KClO, is decomposed,

thus:
KClO4 = KCI + 20a..

The compound KClO, is potassium perchlorate;
and from it, by proper means, perchloric acid,
HCIO, may be obtained as an oily liquid of spe-
cific gravity 1.782. Thrown upon paper or wood,
the pure acid causes their immediate ignition;
dropped upon charcoal, it explodes with terrific vio-
lence; in contact with the skin, it produces wounds
which do not heal for months.

There is but one compound of chlorine with
nitrogen, the formula being probably NCl. It is
an oily liquid of such terribly explosive properties
that it should never be prepared except by expe-
rienced chemists, and then only in very small quan-
tities. It was discovered by Dulong, who lost an eye
and three fingers in consequence of his discovery.

There are several compounds of carbon with
chlorine; but as they are derivatives of hydrocar-
bons, they are usually described under the head of
organic chemistry. A few formulee will suffice for
present examples:

CH, yields CCla.

CH, « CsCla.
CHs CsCls.
CHs “  CoCle.

BROMINE, the third member of the chlorine
group, is the only element known, except mercury,
which is liquid at ordinary temperatures. It owes
its name to a Greek word signifying a stench, be-
cause of its terribly suffocating odor. Its atomic
weight is 8o, its specific gravity in the liquid state
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is 3.187, and it boils at 63° centigrade. Its color
1s dark red, almost black; and it emits red fumes
which somewhat resemble nitrogen tetroxide. It
has some uses in analytical chemistry, and it is also
employed in the manufacture of certain organic
dyes. Some of the bromides, especially potassium
bromide, are important medicinal agents; and they
are also considerably used in the art of photog-
raphy.

Bromine is chiefly found, as sodium or magne-
sium bromide, in sea-water and the waters of many
mineral springs. At present it is produced in large
quantities from some salt-wells in the Kanawha Val-
ley of West Virginia. After the common salt has
crystallized out from the brine, the remaining
“mother liquor” is heated with manganese dioxide
and sulphuric acid. These reagents liberate bro-
mine in precisely the same way that they liberate
chlorine ; and the bromine is distilled off into a well-
cooled receiver.

The compounds of bromine are strikingly simi-
lar to the compounds of chlorine, but are not quite
so numerous. No oxide of bromine is known, but

we have:
HBrO;, Bromic acid,
HBr, Hydrobromic acid,
NBrs, Nitrogen bromide,
CBr,, Carbon tetrabromide, etc.

Salts are also known corresponding to hypobro-
mous acid, HBrO (a bleaching aCId) and perbro-
mic acid, HBrO,.

IopIiNE is found in minute quantities in sea-
water, from which, in the form of iodides, it is
taken up by marine plants. It is obtained, commer-
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cially, from the ashes of sea-weeds, which are first
treated with water. The solution thus obtained is
then heated with manganese dioxide and sulphuric
acid, and the iodine is thus set free. The reaction
is precisely like that by which chlorine and bromine
are prepared.

The element itself is a black solid with a metal-
lic luster, and an odor faintly resembling that of
chlorine. Its specific gravity is 4.95, and its atomic
weight is 127. It is slightly volatile at ordinary
temperatures, it melts at 115° C., and boils at 200°.
Its vapor has a magnificent violet color; to which,
from the Greek word meaning violet, it owes its
name.

EXPERIMENT 59.—Put a fragment of iodine in
the bottom of a dry test-tube, and heat gently over
a flame. The violet vapors will recondense in the
upper and cooler part of the tube. This process,
by which a solid is vaporized and again condensed
without passing through the intermediate liquid
state, is called sublimation. The best commercial
iodine is commonly labeled “ resublimed.”

EXPERIMENT 60.—Into the test-tube used for
the last experiment, pour a little alcohol. The io-
dine will presently dissolve. The solution thus ob-
tained is much used in medicine under the name of
“tincture of iodine.” Water will dissolve only a
mere trace of the element.

EXPERIMENT 61.—Make a little starch-paste by
warming common starch with water. A drop of
tincture of iodine added to this will strike a deep-
blue color. This is the ordinary test for free io-
dine.* Conversely, iodine is a test for starch.

* Refer back to the test for ozone in the chapter on oxygen.
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EXPERIMENT 62.—Mix a solution of potassium
iodide with some of the starch-paste. Now add
a few drops of chlorine-water. Iodine will be
set free, and the mixture will become blue. Chlo-
rine and bromine both liberate iodine from io-
dides.

Iodine and its compounds are much used in
medicine, in photography, and in the preparation
of certain aniline dyes. In general, the com-
pounds resemble those of chlorine and bromine.
Hydriodic acid, HI, is a colorless gas soluble in
water. But one oxide is known—the pentoxide,
1,05, which is produced easily by the direct oxi-
dation of iodine. There are also two acids, iodic
and periodic, HIO; and HIO,, which are much
more stable than the corresponding compounds of
chlorine.

With nitrogen iodine forms a compound which
is curiously explosive. Its formula is probably NI,
althongh it is rarely obtained perfectly pure.

EXPERIMENT 63.—Pour a little strong ammonia-
water over some powdered iodine, and let it stand
for half an hour. Filter the black sediment off
upon several small filters, and spread these, while
still wet, at a distance from each other to dry.
When the powder, which is impure nitrogen io-
dide, is thoroughly dry, it will explode even at
the touch of a feather. It is by far the most sen-
sitive detonating substance known ; and never more
than a few grains of it should be prepared at a
time.

The following table of formule may serve to as-
sist the memory concerning the chief compounds of
F, Cl, Br,and I:
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As we go on, we shall find that these elements

always form closely similar compounds.
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silver spoons by eggs is due to the formation of sil-
ver sulphide by the sulphur which the eggs contain.

Nearly all the sulphur of commerce is native
sulphur from Southern Italy and Sicily. It is of
volcanic origin, and occurs sometimes in brilliant
crystals, but more commonly in opaque masses
mixed with dirt. By a simple process it is melted
out from its earthy impurities, after which it is re-
fined by distillation, as shown in Fig. 32. The vapor

Fic. 32 —Dnstxllanon of Sulphur.

passes from the retort into a large brick chamber,
in which it condenses at once to the fine powder
known as “flowers of sulphur.” By degrees the
walls of the chamber become heated, and then a



134 INORGANIC CHEMISTRY.

part, or even all, of the sulphur assumes the liquid
state and is drawn off into molds. This gives the
round sticks called ¢ roll-brimstone.” Still another
variety of sulphur, “lac sulphur,” is prepared by
adding hydrochloric acid to a solution of calcium
sulphide. It is precipitated as a fine white powder
which is used in medicine.

Sulphur is ordinarily a yellow, brittle solid, with-
out taste or odor. It dissolves in carbon disulphide,
but not in water; it melts at 114.5° C., and boils at
448°. Its atomic weight is 32; but below 500° the
density of its vapor is three times this, or g6. Be-
tween 800° and 1,000° the vapor density becomes
normal, and agrees with the atomic weight. Hence,
applying Avogadro's law, and remembering that the
vapor density is always half the molecular weight,
we find that at ordinary temperatures the sulphur-
molecule is Sg, but at very high temperatures it be-
comes S,.

Sulphur is a remarkable example of allotropy.
The natural crystals are rhombic octahedra, and
similar crystals are deposited from a solution of the
element in carbon disulphide. Their specific grav-
ity is 2.07. From fusion, however, sulphur solidi-
fies in slender prisms of sp. gr. 1.98. Accordingly,
sulphur is said to be dimorphous. A body capable
of crystallizing in three distinct forms would be 777-
morphous.

EXPERIMENT 64.—Carefully melt a little sulphur
in a test-tube, and let it stand quietly to cool, Crys-
tals, like slender needles, will shoot out from the
sides of the tube toward the center, and form a
solid interlacing mass. A better plan, perhaps, is
to melt a considerable quantity of sulphur in an
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earthen crucible, and let it cool until a crust forms
over the top. Upon breaking this crust and pour-
ing out the still fluid material beneath it, the cruci-

¥i16. 33.—Crystals of Sulphur, both forms.

ble will be found to be lined with slender prismatic
crystals. This is a general method for crystalliz-
ing substances from fusion. Bismuth, thus treated,
yields superb crystals.

A third variety of sulphur, plastic sulplur, may
be obtained by pouring melted sulphur into cold
water.

EXPERIMENT 65.—Fill a test-tube half full of sul-
phur, and heat gradually over a flame. At 114.5°
it will melt to a clear, amber-colored fluid, which,
as the temperature rises, will become darker in tint
and quite viscid. At 230° it will be almost black,
and so thick that the test-tube may be inverted
without a drop running out. Above 250° it again
will become fluid, and if it be poured into cold
water it will assume the form of a brownish mass
which may be worked between the fingers like put-
ty, or even drawn out into slightly elastic threads.
By much kneading, or even by standing for a few
days, the plastic mass will crumble and pass back
into ordinary sulphur.

Sulphur combines easily with most of the other

elements. In Experiment 1 its union with a metal
7
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was shown; and at this point the pupil may advan-
tageously repeat the experiment with the three met-
als copper, iron, and zinc.* The element has many
uses. It is an ingredient of gunpowder, of matches,
and of vulcanized rubber; and immense quantities
of it are consumed in the manufacture of sulphuric
acid, and in the bleaching of silks and woolens.

With hydrogen, sulphur combines like oxygen
in two proportions, forming H,S and H,S,. The
latter is an oily liquid, of nauseous odor and power-
ful bleaching properties, but having only theoreti-
cal importance. -

Hydrosulphuric acid, also known as sulphhy-
dric acid, or sulphuretted hydrogen, is a colorless
gas having the peculiar odor of rotten eggs. Its
density, as shown by the formula H,S,is 17; and
it burns with a blue flame to form sulphur dioxide
and water: H,S 4 30 = H,O + SO,. In the con-
centrated state it is poisonous to inhale ; and it may
be reckoned as one of the more objectionable prod-
ucts of animal putrefaction. For laboratory pur-
poses it is usually prepared by the action of dilute
sulphuric acid upon iron sulphide, which latter sub-
stance is made by heating together iron-filings and
sulphur.

EXPERIMENT 66.—Place some iron sulphide,
broken into small fragments, in the flask previously
used for the preparation of hydrogen, and pour
over it some dilute sulphuric acid. The hydrosul-

* A mixture of 32 parts of flowers of sulphur with 65 parts of zinc
in the form known as “zinc-dust,” may be ignited by a match, It
burns with a beautiful greenish flame, leaving a bulky residue of yel-
lowish-white zinc sulphide. In a confined space the combustion is ex-
plosive, :
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phuric acid will be given off with effervescence, and
may be collected by displacement. Verify its com-
bustibility as in the case of hydrogen, bearing in
mind that it also makes an explosive mixture with
air. By passing a stream of the gas through water
a solution of it may be obtained, which will be of
use in subsequent experiments. The present experi-
ment may be represented by the subjoined equation :

FeS + HiSO, = FeSO, + H.S.

Hydrosulphuric acid 1s largely used as a test re-
agent in qualitative analysis, for the precipitation,
as sulphides, of lead, copper, tin, antimony, bismuth,
cadmium, etc.

EXPERIMENT 67.—Dissolve in water, in separate
test-tubes or beaker-glasses, fragments of lead ni-
trate, copper sulphate, cadmium sulphate, and tar-
tar emetic, and acidulate each solution with a few
drops of hydrochloric acid. Now pass into each a
few bubbles of H,S, or add
a little of the solution of
thegaspreviouslyprepared,
and note the character of
the precipitates which form
(Fig. 34). Solutions con-
taining salts of other metals
may also be tested. Some
will yield precipitates and
some will not ; for example,
if we have compounds of Fie. 34.—Precipitation by HaS.
lead and iron dissolved to-
gether, we may throw down all the lead as solid
lead sulphide, and filter it off, leaving the iron in
solution. Thus the two metals can be easily and
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completely separated from each other. Two equa-
tions will illustrate the nature of these precipita-

tions:
CuSO; 4+ H,S = CuS + H.SO,.

Pb(NOs); + HaS = PbS + 2HNOs.

EXPERIMENT 68.—Drop a solution of H,S upon
a bright silver coin or a bit of bright copper. A
sulphide will be formed, the metal will be black-
ened, and hydrogen will be set free:

Cu + H:S = CuS + H..
Aga + HiS = Agas -+ Ha,.

Sulphuretted hydrogen occurs in many mineral
springs. The Blue Lick, White Sulphur, and Sha-
ron waters all emit the gas copiously; and to it some
of their medicinal value is ascribed.

Four oxides of sulphur are known—namely, SO,
SO, S;0s and S,0,.  Only the first two are impor-
tant. Sulphur dioxide, SO,, is formed whenever
sulphur burns, and to it the familiar “brimstone
odor ” is due. It is a colorless gas, of density 32,
and is prepared either by the direct combustion
of sulphur, or by roasting iron pyrites, FeS,, in a
stream of air. It is used in the manufacture of sul-
phuric acid, as a disinfectant, and for bleaching
silk, wool, feathers, and straw, which would be in-
jured by chlorine. It also serves to check the fer-
mentation of wine or cider. As a disinfectant its
mode of action is exactly opposite to that of chlo-
rine. The latter in most cases oxidizes the bodies
which are to be destroyed, while sulphur dioxide
withdraws oxygen from them. As a bleaching
agent, however, it seems to combine with the color-
ing-matter to form an unstable compound ; and any
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substance which destroys the latter will bring the
color back again. For laboratory purposes sulphur
dioxide may be conveniently prepared as follows:

EXPERIMENT 69.—Heat some scraps of copper
with strong sulphuric acid in the flask which was
previously used for making chlorine. When a tol-
erably high temperature has been reached, sulphur
dioxide will be freely evolved, according to the sub-
joined reaction :

Cu + 2H,SO, = CuSO. + SO; + 2H;0.

The gas may be collected over mercury, or by dis-
placement. Instead of copper, charcoal may be
used, but the sulphur dioxide produced will be im-
pure.

EXPERIMENT 70.—Pass a stream of the gas from
Experiment 69 into cold water. It will be absorbed,
and with the solution, which will have the charac-
teristic odor of SO, some bleaching experiments,
like Experiments 50 and 54, may be tried. Sulphur
dioxide bleaches only in presence of moisture.

The aqueous solution of sulphur dioxide may be
formulated thus: H,O + SO, = H,SO; The latter
symbol is that of sulphurous acid, which, like car-
bonic acid, unites with bases to form two sets of
salts. For example, we have—

NaHSO, KHSO;
NaaSOs K:S0,
CaSO0;, etc.

The salts which retain half of their hydrogen are
known as acid sulphites, or sometimes as é7sulphites.
Those in which the replacement of hydrogen is com-
plete are called normal or neutralsalts. The sodium
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hydrogen sulphite, NaHSO;, is sometimes used in
paper-mills and chlorine bleacheries, to neutralize
any excess of chlorine which might, if retained in
the fabric, tend to weaken its fibers. Substances
used for this purpose are termed “ antichlors.”

Sulphur trioxide, SO, may be prepared by the
oxidation of SO, under peculiar circumstances, or
by heating a compound known as pyrosulphuric acid,
H,S,0,. It usually forms long, silky, white needles,
which unite with water, developing great heat to
generate sulphuric acid :

H.0 + SOs = H1SO..

The similarity between this reaction and the one
which yields sulphurous acid should be carefully
noted. Although H,SO, is one of the strongest
acids known, SO; does not even redden litmus-
paper. By some chemists these acid-forming oxides
are termed an/iydrides. Thus we have—

N;Os, nitric  anhydride, which with water yields HNOs.

1205, iOdiC L ¥ £ & 49 HIOs.
CO,, carbonic ¢ 5 < < “  HaCOs.
SO,, sulphurous “ “ £ « “  HsSOs.

SOs, sulphuric i & 4 “  HaSO,.



CHAPTER XVL
SULPHUR—(continued).

SULPHUR is remarkable for the number of acids
which it forms by combination with hydrogen and
oxygen. They are as follow:

. HiaSO,, Sulphurous i, ™
. HaSO4, Sulphuric <
H1S,0, Pyrosulphuric %
. H,S:0s, Thiosulphuric 5
. H1S20s, Dithionic £
. HuSsOa, Trithionic =
. H1S,06, Tetrathionic ok
. HaS:0s, Pentathionic * €

. HaSO,, Hyposulphurous acid. }

ON OV A N =

pe]

Most of these are unimportant, and need no fur-
ther mention. Sulphurous acid has already been
described ; and thiosulphuric acid, which does not
exist by itself, is of consequence only in one or
two of its salts. Sodium thiosulphate, commercial-
ly known as “hyposulphite of soda,” is very largely
used in the art of photography. It serves to dis-
solve out from the photographic plate those com-
pounds which have escaped the action of light, and
which, if they were allowed to remain, would cause
the photograph to fade. :

* The existence of this acid has lately been called in question.
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In sulphuric acid, however, we find a compound
which is undoubtedly the most important yet dis-
covered by chemistry. It has so many and such
varied uses that, as has been well said, the advance-
ment of any nation in civilized arts may be meas-
ured by the amount of sulphuric acid which it
consumes. Its annual production must be over a
million tons; * and it is used in the manufacture of
all the other strong acids, of chlorine, of soda, of
alum, of phosphorus, of quinine, and of the more
important fertilizers. It is also employed in refin-
ing fats and oils, in dyeing and bleaching, and as
an exciting liquid in several forms of the galvanic
battery. There is probably no great manufactur-
ing industry which does not, directly or indirectly,
make use of this acid. In nature it sometimes,
though rarely, occurs uncombined. The waters of
the Rio Vinagre, in South America, are rendered
appreciably sour by its presence; and the Oak Or-
chard mineral spring at Medina, New York, con-
tains nearly a gramme and a half to the litre. It is
also found to a quite perceptible extent in the saliva
of certain mollusks.

Commercially, sulphuric acid is prepared by
oxidizing sulphurous acid with nitrous fumes. The
process is essentially as follows:

* Sulphur dioxide, generated by the combustion
of sulphur, or by roasting iron pyrites in a suitable
furnace, is passed into a large chamber, or series
of chambers, lined with sheet-lead t (Fig. 35). Ni-

* In Great Britain alone more than 850,000 tons are annually made.

4 Such a chamber may be thirty metres long, six or seven wide, and
five high; but the dimensions and arrangement are different in differ-
ent places. An excellent account of the manufacture is given in Roscoe
and Schorlemmer’s “ Treatise on Chemistry,” vol. i, pp. 31g-338.
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trous fumes, produced by heating sodium nitrate
with a little sulphu- \\ 7
ric acid, enter the reEe—————

chamber at the same
time; jets of steam
are blown in at sev-
eral points, and a
thorough draught
of air is kept up
throughout.  The
sulphur  dioxide,
meeting the nitric
acid which enters
the chamber with it,
becomes oxidized in-
to sulphuric acid, in
accordance with the
following reaction :

SOz 4+ 2HNO; = H.SO.
+ 2NOa.

The NO,, in pres-
ence of steam, oxi-
dizes a fresh portion
of sulphur dioxide,

becoming itself re-
duced to NO; thus:

SOz + H:O + NO; =
H.SO: + NO.

The last substance {7 o
now takes up an =z

atom of oxygen from =/ -.E
t}tle air,f reg};ier:ting §

NO,, but surrenders it at once to another portion of

F16. 35.—Sulphuric-Acid Manufacture,
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the sulphurous acid; it is then reoxidized by more
air, again reduced, again oxidized, and so on indefi-
nitely. Theoretically a very small amount of NO,
would serve to oxidize an infinite quantity of sul-
phurous acid ; but practically there is always some
loss, and fresh fumes are therefore constantly sup-
plied. It will be scen that the fumes act simply as
carriers of oxygen from the air to the mixture of
steam and SO, which latter is being continually
transformed into sulphuric acid by the process.
The acid thus formed condenses on the floor of the
chamber, whence it is drawn off.

This “ chamber acid,” as it is called, is a brown-
ish, oily liquid of specific gravity 1.55. It still con-
tains much water, from which it is partly freed by
evaporation in leaden pans until its sp. gr. reaches
1.71. At this point it begins to attack the lead ; so
that further concentration is effected by heating in
retorts of glass or platinum, until it attains a sp. gr.
of 1.842. It is now pure enough for all commer-
cial purposes ; but, in order to render it ckemically
pure, it has to be distilled.

In its purest state sulphuric acid is a colorless,
limpid, oily liquid, of specific gravity 1.854, which
boils at 338° centigrade, and freezes at 10.5°. The
brown color of the commercial acid is due to or-
ganic matter derived from the dust of the air. It
is a powerful solvent, attacking many of the metals
and converting them into sulphates, and charring
such organic substances as wood, sugar, animal
matter, etc. There is an easy experiment to illus-
trate this point.

EXPERIMENT 71.—Add to a very strong solution
of white sugar in water, its own bulk of sulphuric
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acid. In a few moments it will blacken, swell up,
and become a porous mass of charcoal. The ex-
planation of this phenomenon is simple. Sugar con-
tains carbon, hydrogen, and oxygen; the last two
being present in just the proportions needful to
form water. Sulphuric acid unites with water with
intense avidity ; accordingly, it withdraws the hy-
drogen and oxygen from the sugar, leaving the car-
bon behind. The corrosive action of sulphuric acid
upon the skin and upon clothing is of the same gen-
eral character as the foregoing.

The strong affinity of sulphuric acid for water is
also indicated by the fact that when the two sub-
stances are mixed great heat is evolved. This may
be verified by experiment in a test-tube or small
beaker. The mixture, which often has to be made
in the laboratory, should always be effected care-
fully; best by pouring the acid slowly into the
water, and stirring the latter with a glass rod at
the same time. By allowing gases to bubble
through strong sulphuric acid, they may be thor-
oughly dried. For this purpose the arrangement
shown in Fig. 36 is commonly employed. The gas-
stream enters through the longer tube, which ex-
tends to the bottom of the flask, rises through the
acid, and issues from the shorter tube. The ease
with which sulphuric acid absorbs moisture from
the air may be simply illustrated as follows:

EXPERIMENT 72.—Fill a test-tube one third full
of strong sulphuric acid, and carefully mark its level
on the side. Let it stand exposed to the air for a
day or two, and again note the level of the liquid.
The latter, by virtue of the absorbed water, will be
found to have increased in bulk very perceptibly.
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The affinity between sulphuric acid and water is
really due to a distinct chemical action; for two

F16. 36..—Washing-Flask for Gases.

definite compounds, called hydrates, are formed.
Their formula are written thus:

H.SO,, H.0,
H,S0,, 2H:0.

At low temperatures these hydrates crystallize in
characteristic forms.

Sulphuric acid was originally produced by a
process quite distinct from that which is carried on
in the leaden chambers. Sulphate of iron, or “vit-
riol,” was distilled in earthen retorts, and an acid
having the formula H,SO,+SO; or H,S,0, col-
lected in the receivers. This was the “oil of vit-
riol” of the early chemists. It is now commonly
known as “ Nordhausen sulphuric acid,” from the
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town in Saxony at which it is still made. It is also
called “fuming sulphuric acid,” from the fact that
it emits white fumes of sulphur trioxide. The latter
substance may be expelled by heating, when H,SO,
remains behind. By many chemists the compound
H;S,0; is regarded as a distinct acid of sulphur, and
to it the name of pyrosulphuric acid is applied.
Like sulphurous and carbonic acids, sulphuric
acid is dibasic—that is, it contains two hydrogen-
atoms which are replaceable by bases. Thus we

have—
KHSO, NaHSO,

K2SO, Na,SO,
CaSO0,, etc.

The sulphates of sodium, calcium, magnesium, ba-
rium, iron, zinc, copper, etc., are all important com-
pounds, which will be described in their proper
connection further on.

In the ordinary process for making sulphuric
acid, white crystals, called “lead-chamber crystals,”
are sometimes formed. Their formation, which oc-
curs only when there is a deficiency of steam, may
be illustrated on a small scale as follows:

EXPERIMENT 73.—Into a stoppered bottle, con-
taining dry sulphur dioxide, introduce a glass rod
moistened with nitric acid. Red fumes will appear,
and after a short time white crystals will be de-
posited on the sides of the glass. Upon the addi-
tion of water they will dissolve with effervescence,
giving off red fumes, and yielding sulphuric acid.
Their formula is HSO;NO,, and they give us an
important clew to the constitution or structure of
the sulphuric-acid molecule.

In SO, we have a compound which may be re-
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garded as a bivalent radicle. It unites with one
atom of bivalent oxygen to form SOy, and also with
two atoms of univalent chlorine to produce sul-
phuryl chloride, SO,Cl,. With O and H,O it yields
sulphuric acid, which may be written structurally:

,OH

502 OH

In this formula we meet with a peculiar group of
atoms, which is essentially water minus half its hy-
drogen, and in all acid molecules this group occurs.
It is called Zydroxyl/, and is necessarily univalent,
since the oxygen in it is only half satisfied. Hydro-
gen dioxide, HyO,, is probably hydroxyl in the un-
combined state; (OH), being a molecule similar to
H,, Cl,, and (CN), Nitric acid, HNO;, is struct-
urally OH-NOQO,, the NO, being another univalent
radicle of great importance. Using these radicles,
SO,"Y, NOy, and OH’, we may now write the follow-
ing structural formule :

OH OH
/7
$0,-0 50 oy 80a{ gy
Sulphur trioxide. Sulphurie acid. Thiosulphuric acid.
Cl OH NO
7 / 7 2
$0:{ 50:{ &y $0:{ oy
Sulphuryl chloride. Chlorosulphonic acid. Lead-chamber crystals.
SO, / OH
O
SOR \ OH

Pyrosulphuric acid.

Some of these compounds have only theoretical
importance, and need not be specially described.
With nitrogen, chlorine, bromine, and iodine,
sulphur forms various compounds; but only one of
them, the chloride, S,Cl,, needs further mention here.
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This substance is a volatile yellow liquid, produced
by the direct union of its elements. It is somewhat
used in a process for vulcanizing rubber.

With carbon, sulphur yields two compounds,
CS and CS,, analogous to CO and CO,. The disul-
phide, CS,, is produced by heating charcoal to red-
ness in a stream of sulphur-vapor. It is a colorless,
brilliant liquid of sp. gr. 1.29, which boils at 46°.
Its odor suggests that of ether,* and its vapor forms
an explosive mixture with air. It is very combus.
tible, and burns according to the equation—

CS: + 60 = COs + 250a.

Its practical importance depends upon its solvent
properties, it having the power of dissolving easily
such substances as sulphur, phosphorus, rubber, fats,
and oils. A solution of rubber in it gives a conven-
ient water-proof varnish ; and it is also used on the
large scale for the extraction of fats from animal
refuse. The number of its useful applications seems
to be constantly increasing.

SELENIUM, atomic weight 79, is an element which
is found as an occasional impurity of sulphur, and as
a constituent of certain rare minerals. Its specific
gravity varies from 4.25 to 4.80, and like sulphur it
is allotropic. It has few uses, and these depend upon
its remarkable electrical properties.

Seleniuretted hydrogen, H,Se, is, like H;S, a gas
of intolerably nauseous odor. The dioxide, SeO,, is
a white solid which unites with water to form sele-
nious acid, H;SeO;. Selenic acid, H,SeO,, is very
similar to sulphuric acid, only not so strong. The

* Commercial carbon disulphide has a nauseous odor, which is due
to impurities.






CHAPTER XVII.
PHOSPHORUS.

JusT as sulphur, selenium, and tellurium belong
to the oxygen group of clements, so also phospho-
rus, arsenic, antimony, bismuth, and vanadium may
be classed with nitrogen. Only two of these sub-
stances, however, phosphorus and arsenic, will be
considered among the non-metallic elements.

Phosphorus exists in nature only in the com-
bined state. It is found in many rocks, in all fertile
soils, in plants, and in animals. Human bones con-
tain more than half their weight of calcium phos-
phate, CagP,0O4; and in other combinations phospho-
rus is an important constituent of nervous matter
and of the brain. Calcium phosphate is one of the
commoner minerals, apatite, and is often found in
large beds; and the phosphates of lead, iron, alumi-
num, manganese, copper, uranium, and magnesium
form well.known mineral species.

The element itself was discovered by Brand of
Hamburg, in 1669. It is now prepared on a large
scale from bone-ash; or from sombrerite, an im-
pure calcium phosphate found in West Indian gua-
no. The powdered material, which is essentially
CagP,0y, is mixed with sulphuric acid and water,
when calcium sulphate is formed and deposited as
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an insoluble white sediment. The remaining liquid,
which is drawn off clear from this precipitate, con-
tains an acid calcium phosphate, CaHPO,, and is
concentrated by evaporation to a thick sirup. This
is mixed with powdered charcoal, thoroughly dried,
and distilled in an earthen retort. Phosphorus is
set free, vaporized, and recondensed under cold
water. It is finally cast into sticks, and sent in this
form into commerce.

As ordinarily seen, phosphorus is a yellowish.
white, waxy solid, of specific gravity 1.837. It melts
at 44.2°, and boils at 290°, giving a vapor of which
the density is 62, or double the atomic weight. _The
molecule of phosphorus, therefore, is P, Phosphorus
is highly inflammable, and on this account it is used
in enormous quantities for the manufacture of fric-
tion matches. In handling it, care must be taken
that it does not ignite in contact with the skin, for
the burns which it produces are very painful, and
troublesome to heal. It should never be cut except
under water; and, indeed, it is always kept under
water to protect it from oxidation. Exposed to
the air at low temperatures, it oxidizes slowly, and
the chemical action which thus takes place gen-
erates a feeble light. Hence, phosphorus becomes
luminous in the dark ; whence its name, which sig-
nifies “light-bearer.”” Whenever we rub a match
over the palm of the hand in the dark, we recognize
its luminous property. Although it is insoluble in
water, phosphorus dissolves slightly in olive-oil and
in ether, and freely in carbon disulphide. From its
solution in the last-named liquid it may be obtained
in crystals.

EXPERIMENT 74.—Dissolve a bit of phosphorus
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in CS,, and pour the solution over a piece of un-
glazed paper. In a few moments the disulphide
will evaporate, leaving the phosphorus spread over
the paper in a very finely divided state. Under
these circumstances it will ignite spontaneously,
and the paper will burst into flame.

ExPERIMENT 75.—Cover a bit of phosphorus, no
larger than a pea, with about a teaspoonful of finely
powdered bone-black or lamp-black. The oxygen
condensed by the carbon will presently cause the
phosphorus to ignite.

When ordinary phosphorus is heated to 240° in
an atmosphere free from oxygen, it becomes convert-
ed into an extraordinary allotropic form. Thisisa
dark-red powder, which is opaque, insoluble in CS,,
non-luminous, and uninflammable. Its specific grav-
ity is 2.11; and it may be dissolved in melted lead ;
from which, upon cooling, it will separate out in
black crystals of metallic luster, and specific grav-
ity 2.34. It is odorless, whereas common phos-
phorus has a faint odor resembling that of garlic;
and it is not poisonous, although the other variety
is a violent corrosive poison. Many rat and bug
poisons are merely pastes containing ordinary phos-
phorus; and children have died in consequence of
nibbling the tips off of common friction matches.
By heating to 260°, red phosphorus may be retrans-
formed into the common variety. Very recently
another modification of phosphorus has been de-
scribed by Remsen and Keiser. It is a white, flaky
substance, produced by distilling common phos-
phorus in an atmosphere of hydrogen. In some
respects it is analogous to flowers of sulphur, so
that “flowers of phosphorus” would be a fair name
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for it. A black phosphorus has also been obtained
by Thénard.

Although phosphorus forms three compounds
with hydrogen, only one of them, PHy, has any par-
ticular importance. This substance, phosphine, is a
colorless gas, having a very disagreeable odor, and
strongly resembling ammonia, NHj, in its structure
and chemical relations. Its formation is beautifully
illustrated in the following experiment:

EXPERIMENT 76.—Arrange a small flask and de-
livery-tube, as in Fig. 37, and fill it nearly full of a
solution of either caustic soda or caustic potash.

Milk of lime, a mixture of lime and water, will do
nearly as well. Add to the solution a few bits of
phosphorus, and pour upon its surface a dozen
drops of ether. The vapor of the latter merely
serves as an aid in expelling from the flask the oxy-
gen of the air. Upon boiling the solution, PH; will
be evolved, and each bubble of the gas, on rising
from the water of the water-pan, will ignite with a
brilliant flash, and form a beautiful white ring of
smoke. The absolutely pure gas is not spontane-
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ously inflammable; this property being really due
to the presence, as an impurity, of traces of P,H,.
Phosphine may also be formed by throwing calcium
phosphide into water, when the same inflammable
gas-bubbles will appear.

There are two oxides of phosphorus, P,O; and
P,0;, analogous to N;Oz and N,O; The first is
formed when phosphorus is oxidized slowly, the
latter is the sole product of the combustion of the
element. The one unites with water to form phos-
phorous acid, while from the other, under like cir-
cumstances, phosphoric acid is derived. The white
smoke produced in Experiments 21 and 76 consisted
of the pentoxide, which substance is chiefly remark-
able for its intense affinity for water. It is by far
the most powerful dehydrating agent known.

Phosphorus forms three distinct acids, as fol-

low :
Hypophosphorous acid, HsPOa.
Phosphorous &1 HyBO;!
Phosphoric “  HsPOu.

Salts corresponding to the first acid, hypophos-
phites, are produced by the action of alkalies upon
phosphorus. One was formed in Experiment 76,
and remained in solution. Several hypophosphites
are used medicinally. Phosphorous acid and the
phosphites are unimportant, except theoretically.

Phosphoric acid, the highest of the acids of phos-
phorus, is remarkable because of its existence in
three distinct varieties having different formulee.
These may be represented simply as being formed
by the union of POy with one, two, and three mole-
cules of water successively, as shown in the sub-
joined equations:
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P:0s + HaO =P;H,00 = 2HPQs,  metaphosphoric acid.
P;0s + 2H30 = P;H.Oy, pyrophosphoric  «
P:0s + 3H2:0 = PyHs0s = 2HaPO,, o7¢4ophosphoric «

The salts of these acids are called mezaphosphates,
2yrophosphates, and ortiophosphates respectively,
and they differ from each other in many particulars.
Orthophosphoric acid is especially interesting as
the first instance we have met with of a tribasic
acid. Thus it forms three salts with sodium, as

follows:
NaHnPO4.
NazHPO4.
NasPO..

All the more common phosphates, such as calcium
phosphate, Cagfi(PO,), are orthophosphates. Such
salts as Ca'HPO, and KBatPOQO, are called double
salts; and some triple phosphates also are known.
For example, NaAmHPO,, sodium ammonium hy-
drogen phosphate, is a #74ple salt. The last sub-
stance is much used in blow-pipe analysis under the
name of microcosmic salt, or salt of phosphorus.

The compounds of phosphorus with the elements
of the chlorine group have very great theoretical
interest. Except in the case of the fluoride, they
are formed by the direct union of the elements, and
have the following formulee: -

, PF.
PCls. PCls.
PBrs. PBrs.

Pl Pls.

There are also several oxychlorides, sulphochlo-
rides, oxybromides, etc., having formula as follows:

POCl. POBrs. PSCI?, etc.
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Some of these bodies are very useful in the prepara-
tion of many organic compounds.

In the light of the foregoing formule we are at
once led to ask a very serious question as to the
valency of phosphorus. In PHj; it is apparently
trivalent, and also in PCl;, PBr;, and Plg; but, in
the higher compounds, PF;, PCl;, and PBr, it seems
to have a valency of five. Which is the true val-
ency, or are both equally correct ?

A complete answer to this question would in-
volve elaborate discussions entirely beyond the
scope of this book. Suffice it to say that most
chemists regard valency as a variable property of
the elements, and that this variability is well illus-
trated by phosphorus, nitrogen, and sulphur. Hy-
drogen and carbon seldom, if ever, vary in valency,
but the elements of the chlorine group seem to
change occasionally. In NH,Cl, N,O,, etc., nitro-
gen is regarded as quinquivalent; in SO, the val-
ency of sulphur seems to be six; in CLO;g and L0,
chlorine and iodine exhibit valencies of three and
five respectively. In general, the elements may be
divided into two great classes: one having valen-
cies represented always by even numbers, as 2, 4,
6; the other running in odd numbers, as 1, 3, s,
etc. The even class are called artiads, the odd
elements are called gerissads. This division is, how-
ever, largely artificial, and represents no genuine
law. To the rule there are several striking excep-
tions. :

Some of the phosphorus compounds cited above
may be assigned structural formule agreeing with
a valency for the element of either three or five.
For example, P,O5 may be written either






CHAPTER XVIIIL
ARSENIC, BORON, AND SILICON.

ARSENIC, which is sometimes classed as a metal,
occurs in the mineral kingdom under a great vari-
ety of circumstances. The free element, its two sul-
phides, several arsenides, and a number of arsenates.
are common mineral species; but, for commercial
purposes, it is chiefly obtained from arsenopyrite, a
sulphide of arsenic and iron. This mineral, finely
powdered, is heated in long earthen tubes; when
arsenic, being volatile, sublimes, and is collected in
the form of a brilliant, steel-gray, brittle, seemingly
metallic mass. \

Thus prepared, arsenic has a specific gravity of
5.7. There is also a black allotropic modification,
of which the specific gravity is only 4.71. When
heated under ordinary circumstances, it vaporizes
without first melting ; but, in a closed vessel, under
pressure, it may be fused. The density of the va-
por is 150, although the atomic weight of arsenic is
only 75. Hence the molecule of the free element
is As,, and similar in structure to the molecule of
phosphorus. The odor of the vapor resembles that
of garlic; and its development before the blow-pipe
flame gives us an easy means of detecting arsenic in
minerals. A very impure arsenic is sometimes sold
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as a fly-poison, under the incorrect name of “co-
balt ”; but the only important use of the element is
for hardening lead shot. :

In their chemical relations the compounds of
arsenic closely resemble those of phosphorus. They
are also in many respects quite similar to the corre-
sponding compounds of nitrogen. This is shown in
the following formulee :

NH, PH;, AsHs
N20s P20 Asy0;
N.Os P,0s As,0s
HNO; HPO,

H,;PO, HaASOA
NCls PCly AsCl,, etc.

Like phosphorus, arsenic has a valency of either
three or five.

Arseniuretted hydrogen or arsine, AsHjg, is a
colorless gas of terribly poisonous character. Its
discoverer, Gehlen, accidentally inhaled a single
bubble of the pure compound, and died in conse-
quence. It is'easily inflammable, depositing arsenic
upon any cold substance which may be inserted in
its flame ; and this fact is always applied in the de-
tection of arsenic.

EXPERIMENT 77.—Generate hydrogen as in Ex-
periment 7; and, observing the necessary precau-
tions, kindle the stream of gas issuing at the jet.
Now pour into the generating-flask, through the
thistle-tube, a few drops of a solution of any com-
pound of arsenic. Hold a piece of cold porcelain
against the flame, and a black, mirror-like stain of
metallic arsenic will be deposited upon it. This
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stain will be volatile, and may be driven away by
too much heat. Antimony compounds will give a
similar reaction, owing to the formation of SbHj;
but the arsenic stain is soluble in a solution of so-
dium hypochlorite, whereas the antimony stain is
not. This test is known as Marsh’s test for ar-
senic.

There are two oxides of arsenic, As,O; and
As,O;. The first of these, arsenic trioxide, is the
common white arsenic of commerce, well known on
account of its poisonous properties. It is formed
whenever arsenic is burned in the air; but it is
usually manufactured on a large scale by roasting
arsenopyrite, FeSAs. It is a white solid, which is
volatile at about 220° C,, giving a colorless and
odorless vapor. It occurs in two different modifi-
cations—one crystalline, the other amorphous; the
latter is the commercial form of the compound,
and usually is found in lumps which curiously re-
semble porcelain. It is slightly soluble in water,
forming probably arsenious acid, HyAsO;. From
this acid, many arsenites are derived, and some of
them have practical importance. Sodium arsenite
is used as a mordant in calico-printing; and a dou-
ble salt of copper arsenite and copper acetate is
known commonly as Paris-green. This brilliant pig-
ment is used extensively for coloring wall-papers,
although the paper so tinted is certainly unwhole-
some. Whenever a sample of wall-paper is changed
from green to blue by a drop of ammonia-water,
or, when burned, gives a green tinge to the flame,
the presence of an arsenic green may safely be in-
ferred. The test is really a test for copper; but
nearly all green pigments containing copper con-
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tain arsenic as well.* Paris-green is also used in
enormous quantities for the destruction of the Colo-
rado potato-beetle. Inasmuch as it is violently poi-
sonous, it should be handled with extreme care.
Arsenic trioxide itself is used in the preparation of
the foregoing compounds, in glass-making, and in
the manufacture of aniline red. When the last-
named color is carelessly made, it is apt to retain in-
jurious traces of arsenic. In cases of arsenical poi-
soning the best antidotes are freshly precipitated
ferric hydroxide and caustic magnesia. These sub-
stances unite with arsenious acid to form insoluble
arsenites, and thus prevent its absorption by the
system. An emetic is subsequently used to remove
the poison from the stomach.

Arsenic pentoxide, As,Oy, is a white powder pre-
pared by oxidizing the trioxide with nitric acid.
It unites with water to form orthoarsenic acid,
H;AsO,, which is strictly analogous to orthophos-
phoric acid, HsPO,, and yields similar salts. No
acids of arsenic corresponding to pyrophosphoric
and metaphosphoric acids have yet been obtained ;
but pyroarsenates and metarsenates, resembling
the pyrophosphates and metaphosphates, are well
known.

The fluoride, chloride, and bromide of arsenic,
AsF;, AsClg, and AsBrg, are all volatile liquids ; the
iodide, Asly, is a solid compound. There are three
sulphides of arsenic, As,S,, As,S;, and As,S;. The
first is a brilliant red mineral, called realgar; and
the second, which is also a natural mineral, is the

* Brunswick-green, an oxychloride of copper, is the most important
exception to this statement. When doubt arises as to the presence of
arsenic, use Marsh's test for verification,
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golden-yellow orpiment. Both were formerly much
used as pigments. The trisulphide may be easily
produced artificially by adding a little hydrochloric
acid to a solution of the trioxide, and passing in a
stream of sulphuretted hydrogen. It forms a brill-
iant yellow precipitate. The pentasulphide is also
yellow, and is best known in combination with other
sulphides. For example, corresponding to sodium
arsenate, NagAsQO,, we have sodium sulpharsenate,
Na;AsS,. The latter is related to arsenic pentasul-
phide in the same way that the former is related to
arsenic pentoxide. Many similar double sulphides,
called by the general name of sulpho-salts, are well
known.

Boron, atomic weight 11, is a trivalent element
which occurs as a constituent of many minerals. It
is chiefly found, however, in boric (or boracic)
acid, HgBQOs, and borax, an acid borate of sodium.
The element itself exists in two modifications; the
one a dark-brown powder, the other a crystalline
variety. In the latter form, which is never quite
pure, boron has a specific gravity of 2.68, is infus-
ible, and is nearly as hard as diamond. The crys-
tals are square octahedra. -

The compounds of boron are all formed upon a
simple trivalent type; as, for example, the fluoride,
BFs, and the chloride, BCl;, The former is a color-
less gas, the latter is a volatile liquid. The hydride,
BH;, is also gaseous, and resembles NH;, PHj;, and
AsHj in structure. From boron trioxide, B,Os, by
union with water, three acids are derived, as follows :

B:0s 4+ H,O = 2HBO,, metaboric acid.

2B.0s + H.O = HsB,Os, pyroboric «
B30s + 3H30 = 2H;BOs, orthoboric
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F1G. 38—Preparation of Boric Acid.

Orthoboric acid,
B(OH);, is chief-
ly obtained from
a volcanic region
in Tuscany. Jets
of steam, -called
suffiont, there is-
sue from crevices
in a mountain-
side, bringing bor-
ic acid with them.
A tank of mason-
ry is built around
each jet, and filled
with cold spring-
water. This con-
denses the boric
acid, and then
flows to a lower
tank in which
more acid is re-
ceived, and so on
down to the foot
of the mountain
(Fig. 38). At the
bottom the water
is evaporated in
leaden pans, and
the acid is deposi-
ted in white, shin-
ing, crystalline
scales, which feel
something like pa-
raffin or sperma-
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ceti. It is used for the manufacture of borax, or so-
dium pyroborate, Na,B,O;10H,0.

Borax is by far the most important compound
of boron. It is not only made from boric acid, but
it is also found in great quantities in the water of
certain saline lagoons in Thibet, and in the Borax
Lake of California. It has a feebly alkaline reaction,
and is used to some extent in the household for
laundry purposes, and for driving away water-bugs.
Its important uses, however, are due to the power
which it possesses of dissolving, when in the fused
state, many metallic oxides. It serves as a flux in
metallurgical operations, and for cleansing metallic
surfaces which are to be brazed together. It is
also very largely employed in making colored glazes
and enamels for pottery and porcelain. Its use in
this direction is indicated on a small scale by its
applications to blow-pipe analysis. Make a small
loop on the end of a platinum wire, and fuse in it
enough borax to make a little, glassy bead. Add
to this a trace of any manganese compound, and
heat before the blow-pipe, and it will acquire an
amethystine tinge; cobalt compounds will yield a
blue color, chromium compounds an emerald-green,
and so on. Each color gives a characteristic test
for the metal whose compounds produce it.

The ten molecules of water contained in borax
are called water of crystallization. Water so com-
bined forms an essential part of very many crys-
tallized salts, and is easily expelled by heating.
When borax is fused it first melts in its own water
of crystallization; and when the latter is wholly
expelled, Na,B,O, remains behind. This anhydrous
borax, on account of its glassy appearance, is often
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called “glass of borax.” When a solution of borax
1s mixed with strong sulphuric acid, crystalline
scales of boric acid are deposited upon cooling.

EXPERIMENT 78.—Dissolve a few crystals of
borax in the least possible quantity of water, and
add to the solution an equal bulk of strong sul-
phuric acid. Allow the mixture to cool, and note
the formation of boric acid. Transfer the whole to
a shallow porcelain or earthen dish, cover it with a
layer of strong alcohol, and ignite. The alcohol
will burn with a flame which is distinctly greenish,
especially upon the edges. By the production of
this green flame boric acid is easily detected analyt-
ically. _

But one more non-metal remains to be con-
sidered ; namely, SiLicON.* This clement, after
oxygen, is the most important ingredient of the
earth’s crust, and enters largely into the composi-
tion of all the commoner rocks except dolomite and
limestone. Granite, slate, clay, and sandstone are
all compounds of silicon.

The element itself has an atomic weight of 28,
and is, like carbon, quadrivalent. It is prepared by
heating together metallic potassium and potassium
silicofluoride, K,SiFy; and, like carbon, may be ob-
tained in three different modifications. Of these,
one is an amorphous, dark-brown powder ; the sec-
ond forms hexagonal plates resembling graphite;
and the third crystallizes in octahedrons. It fuses
at very high temperatures, and is insoluble in all
acids except hydrofluoric. It has no practical im-
portance.

The compounds of silicon are numerous and

* Sometimes called silicium.
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complicated. With hydrogen it forms a colorless,
inflammable gas, SiH,; with chlorine, bromine, and
iodine it yields the compounds SiCl,, SiBr,, and
Sil,, The compounds SiClgBr, Si,Cls, SiyBrs, and
Si,Is are also known. Silicon-chloroform, SiHCl,,
is interesting on account of its close similarity to
ordinary chloroform, CHCl;. There are several
series of silicon compounds which resemble in
chemical structure the organic compounds of car-
bon.

Silicon fluoride, SiF,, is a colorless, corrosive
gas which is produced whenever hydrofluoric acid
acts upon other silicon compounds. The corrosion
of glass by hydrofluoric acid is due to the forma-
tion of this fluoride. It is usually prepared by mix-
ing powdered fluor-spar, CaF,, with fine sand, and
heating the mixture in a glass flask with strong
sulphuric acid. If the gas is passed into water, a
complex reaction ensues; a jelly-like mass of silicic
acid is deposited, and a new acid, hydrofluosilicic
acid, H,SiF,, remains in solution. This acid is much
used as a test reagent in chemical analysis. From
it, by replacement of hydrogen, a large series of
salts may be derived.

It is in its oxygen compounds, however, that
silicon is of the greatest importance. It forms one
well-defined oxide, SiO,, analogous to CO,; and
this oxide is not only found by itself in nature, but
combined in a vast number of minerals. It also
occurs in the vegetable kingdom, giving strength
and stifiness to the stems of many plants. The
shiny surfaces of grass-stems, of rattan, and of the
scouring rush, are especially rlch in silicon dioxide
or silica.
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In its purest form silica crystallizes in six-sided
prisms, and is called quartz or rock-crystal (Fig.
39). The crystals are often very large and very
limpid; and serve, when properly cut, for making

F16. 39.—~Group of Quartz Crystals.

spectacle-lenses, or as substitutes for the diamond.
They are infusible, except before the oxyhydrogen
blow-pipe, and are hard enough to scratch glass.
Frequently quartz is colored by impurities, and
then is known by a variety of special names, such
as rose quartz, smoky quartz, etc. Yellow quartz
is called false topaz; and the violet-colored variety
is the wellknown gem amethyst. Chalcedony,
onyx, jasper, carnelian, agate, and flint, are merely
varieties of quartz; sand and sandstone are the
same substance, more or less impure. Perfectly
white sand is nearly pure silica; the yellowish and
reddish kinds owe their color to oxide of iron.
Opal is an amorphous silica, containing a little
water.

Silicon dioxide is insoluble in water, and is
attacked by no acid except hydrofluoric. Very
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strong and hot alkaline solutions dissolve it slightly,
forming silicates ; but the latter compounds are best
prepared by fusing sand with sodium or potassium
carbonate. If the sand is not in excess, the fused
mass will dissolve in water, yielding a solution of
the alkaline silicate. These silicates of sodium and
potassium are-known commonly under the name of
water-glass, and have various uses. They serve to
harden building-stones, and are used in making arti-
ficial stone ; they are introduced into certain kinds
of soap, and they are applied to mordanted calico
previous to dyeing. They vary in composition;
but in general a silicate may be compared with the
corresponding carbonate, so that K;SiOs is similar
in structure to K,CO,. Most of the silicates, ex-
cept those just mentioned, are insoluble; and the
majority of those known occur as natural minerals.
Feldspar, hornblende, mica, etc., are common exam-
ples; and garnet, emerald, topaz, and chrysolite
are well-known gems. Granite, syenite, trap, and
slate are mixtures of silicates, some of which are
exceedingly complicated in their composition. The
natural silicat